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PREFACE  TO  THE  FOURTH  EDITION. 


It  is  with  much  satisfaction  that  Dr.  Rockwell  offers  to  the  profession 
a  fourth  revised  edition  of  this  work.  When,  with  the  late  Dr.  George 
M.  Beard,  he  first  sent  it  forth  upon  its  mission,  a  pioneer  in  a  neg- 
lected and  perhaps  despised  department  of  medicine,  it  was,  both  on 
the  part  of  authors  and  publisher,  with  some  misgivings  as  to  its  suc- 
cess. While  the  measure  of  its  merits  as  a  guide  in  the  department  of 
which  it  treats  may  fall  far  below  the  generous  reception  accorded  to 
it,  both  at  home  and  abroad,  the  fact  that  each  successive  edition  has 
been  exhausted  more  rapidly  than  its  predecessor,  notwithstanding  the 
widening  literature  of  the  subject,  affords  ample  encouragement  for 
farther  revision. 

The  chapter  on  Franklinic  Electricity  has  been  entirely  rewritten. 
This  was  rendered  necessary  by  the  many  improvements  in  apparatus 
and  appliances,  and  its  great  value  as  an  adjunct  or  supplement  to 
dynamic  electricitj'.  Experience  has  demonstrated,  also,  that  in  a  num- 
ber of  pathological  conditions  it  is  even  superior  to  the  other  forms  of 
electricity.  It  should  not,  however,  be  forgotten  that  Franklinic  Elec- 
tricity has  in  general  a  narrower  range  of  usefulness  than  dynamic,  and 
that  in  the  study  of  electro-therapeutics  the  latter  should  precede  the 
former.  But  perhaps  the  most  important  of  the  new  matter  that  has 
been  introduced  relates  to  the  experience  of  the  author  in  the  treat- 
ment of  Extra-Uterine  Pregnancy. 

Formerly,  as  is  well  known,  these  cases  resulted  either  in  immediate 
death,  through  rupture  of  the  distended  tube,  or  in  protracted  suffering, 
with  frequently  a  fatal  ending,  through  the  efforts  of  nature  to  rid  itself 
of  the  foetal  mass.  The  only  other  alternative  was  the  knife,  with  its 
attendant  dangers.  By  the  method  described,  however,  and  used  with 
such  complete  success  in  every  instance,  this  abnormality  of  pregnancy 
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need  not  in  the  future  be  regarded  as  such  a  dreaded  complicatio 
it  has  been  in  the  past. 

The  operation  is  simple  in  its  details  and  certain  in  its  results ;  i 
tended  vith  but  comparatively  little  suffering  or  danger  to  the  mo 
and  cannot  but  commend  itself  to  the  profession  everywhere. 

Extra- Uterine  Pregnancy  is  doubtless  more  frequent  than  is  gene 
supposed,  and  because  of  the  difficulty  of  an  early  diagnosis,  death 
quently  occurs  without  any  previous  knowledge  of  the  existing-  c< 
Hon  of  affairs.  It  behooves,  therefore,  every  practitioner  to  be  oi 
alert  for  this  condition  in  its  earlier  stages,  when  this  method  of  t 
ment  is  so  efficacious. 

A.  D.  ROCKWELL, 
46  East  Thirty-fir4t  Street,  New  Y07 
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In  issuing  a  third  edition  of  this  work  I  have  endeavored  to  make 
such  additions  as  seemed  necessary,  and  at  the  same  time  avoid  an 
increase  in  size.  This  has  been  accomplished  by  condensing  wherever 
possible,  and  omitting  portions  here  and  there  which  have  served  their 
purpose  and  are  no  longer  of  value.  Two  new  chapters  on  the  Sequelie 
of  Acute  Diseases  and  on  Exophthalmic  Goitre,  resi>ectively,  have  been 
inserted,  while  several  pages  in  the  discussion  of  Electro-diagnosis  have 
been  omitted,  and  the  space  occupied  by  later  and  more  exact  infor- 
mation. The  chapter  on  Diseases  of  Women  has  been  revised,  and 
the  clinical  additions  will  be  found  interesting  and  su^estive,  while  in 
the  discussion  of  Rtidwifery  the  complication  of  Extra-Uterine  Preg- 
nancy is  fully  considered. 

These,  together  with  many  other  changes  and  brief  additions 
throughout  the  work,  have,  it  is  believed,  materially  enhanced  its 
practical  value. 

The  position  of  electricity  in  the  front  rank  of  sedatives  and  tonics, 
and  the  pre-eminent  value  of  the  methods  of  general  faradization  and 
central  galvanization,  as  means  of  obtaining  the  full  measure  of  these 
effects  (claims  in  regard  to  which  the  authors  of  this  work  once  stood 
alone),  have  now  been  so  long  continued  by  expert  observation  in  this 
country  and  Germany  that  extensive  demonstration  of  these  propo- 
sitions by  cases  is  less  needed  than  formerly. 

In  regard  to  the  theory  of  Dr.  Thomas  W.  Poole,  of  Lindsay, 
Canada,  that  electricity  is  essentially  a  paralyzing  agent,  and  that  iis 
sedative  and  tonic  effects  are  due  to  its  paralyzing  power,  this  may  be 
said  :  That,  granting  for  a  moment  the  full  claim,  it  yet  remains,  that 
practically,  we  do  obtain  from  the  use  of  electricity  sedative  and  tonic 
effects  similar  to  those  which  we  obtain  from  a  vast  number  of  other 
remedi&I  agencies.     Allowing  that  these  effects  are  resultants  of  a 


IMiralyzing  influence  it  i&  none  the  less  justifiable,  on  scientific  an 
practical  grounds,  to  use  the  tenns  sedative  and  tonic 

The  final  rationale  of  no  work  or  rcmcdia.!  force  of  any  kind  in  con 
pletely  known  to  science,  and,  for  practical  nses,  it  is  not  necessar 
thai  it  should  be  ;  we,  perhaps,  know  as  much  of  the  rationale  of  elet 
tricity  as  of  any  agent  that  vre  use  for  the  cure  of  disease. 

The  more  thoroughly  one  studies  electrotherapeutics  in  all  its  n 
Utions,  medical  and  surgical,  tlie  clearer  it  becomes  that  tlie  res 
scientific  ba&is  for  the  u»e  of  electricity  in  nic-dicine  and  sttrgery  i 
found  in  electro-physics  more  than  in  electro-physiology ;  and  for  tha 
reftiton  it  did  not  •■ecm  (vise  to  very  much  abbreviate  the  portion  c 
this  work  allotted  to  that  department.  The  rationale  of  general  fara 
dilation  and  central  galvanization,  for  example,  can  only  be  under 
stood  by  those  who  luve  grasped  the  elementary  principles  of  electro 
physics,  the  laws  of  resistance  and  conducdbility,  and,  above  all,  th< 
law  of  Ohm,  to  which  we  have  assigned  a  special  chapter.  Those  whi 
have  been  once  well  grounded  in  these  laws  of  cleclro-phygics  find  Iha 
the  various  special  problems  that  arise,  whether  of  a  theoretical  o 
practical  character,  very  quickly  resolve  themselves. 

Now  that  electricity  has  become  popular  in  medicine,  there  is,  w 
some  quarters,  a  tcmjMation  to  overdo  the  appHcaiiaii,  not  only  ii 
strength  but  in  length  and  frequency  ;  to  treat  all  cases  alike  by  rou 
line,  mechanical  applications,  regardless  either  of  the  disease  or  Ihf 
idiosyncrasies  of  the  patient ;  hence,  in  cases  not  a  few,  come  rcsulL 
cither  negatively  or  temporarily  injurious,  with  disappointment  on  al 
sides. 

The  dosage  of  electricity  is  a  special  study  of  the  greatest  practica 
importance ;  the  difference  in  result  between  a  very  gentle  and  shori 
application  and  a  very  strong  anil  protracted  one  being,  in  some  cases, 
all  the  difference  between  agreeable  success  and  painful  failure. 

There  are  persons  who  must  be  treated  not  only  tuildly  but  at  long 
intervals,  and  there  are  persons  with,  perhaps,  the  same  maladies  that 
can  bear  with  ad%'anlagc  powerful  and  frequent  applications ;  to  dis- 
tinguish between  these  classes  and  the  various  gradations  that  lie  be- 
tween the  extremes  of  tolerance  and  of  susceptibility  is  the  first  duty, 
and,  oftentimes,  the  hardest  study  of  hioi  who  makes  much  use  ol 
electricity  in  medicine. 


PREFACE   TO   THE   SECOND   EDITION. 


A  FEW  weeks  after  the  publication  of  the  first  edition  of  this  work,  in 
1871,  we  were  informed  by  the  publishers  that  a  new  edition  would  be 
called  for.  From  that  time  to  the  present  moment  much  force  has 
been  expended  on  the  thorough  revision  of  the  work  in  all  its  depart- 
ments. As  much  time  and  toil,  it  is  safe  to  say,  have  been  given  to  this 
edition  as  to  the  first ;  and  the  work  as  it  now  stands  represents  our 
accumulated  and  thoroughly  sifted  experience  from  our  entrance  upon 
this  specialty,  as  well  as  a  full  and  exhaustive  rfisunifi  of  all  that  has 
been  accomplbhed  by  other  authorities  everywhere. 

About  one  year  ago,  while  this  edition  was  in  press,  we  amicably  dis- 
solved the  professional  association  that  had  existed  for  six  years,  and 
during  which  all  our  writings  on  this  subject  had  appeared.  This  dis- 
solution of  our  business  relations  has  not  affected  the  present  work 
except  so  far  as  to  delay  somewhat  its  publication. 

The  success  of  the  first  edition  of  this  work  has  far  surpassed  our 
highest  hopes ;  and  our  belief  is  that  it  may  have  done  something  to 
raise  the  standard  of  electro-therapeutics  as  well  as  to  popularize  it. 
More  than  a  year  since,  the  work  was  translated  into  German  by  Dr. 
Vater,  of  Prague,  who  has  confirmed  all  that  we  have  claimed  in  regard 
to  the  efficacy  of  general  electrization,  and  who  has  followed  up  the 
translation  by  a  series  of  elaborate  articles,  didactic  and  clinical,  on 
general  electrization  and  central  galvanization  in  the  Aligemeine 
Wiener  Zeitung. 

The  use  of  general  faradization  as  a  constitutional  tonic  in  a 
wide  variety  of  affections  is  now  well  established  and  the  effects 
that  we  have  claimed  for  it  have  been  confirmed  in  full  detail  by  com- 
petent  observers  at  home  and  abroad.  This  method  of  using  electricity 
has  also  attained  a  wide  popularity,  and  its  introduction  into  therapeu- 
tics may  be  said  to  have  marked  a  radical  and  important  advance. 

The  section  on  Electro-physics  is  much  enlarged.  Observation  hag 
convinced  us  that  the  one  great  defect  in  those  who  practise  electro- 
therapeutics is  ignoranre  of  the  physical  relations  of  electricity.     From 
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this  source  flow  at  least  half  the  blunders,  discouriigemeDts,  and 
success  that  no%'iccs  in  this  branch  w  t>3infuUy  cxpcricace.  The  um 
latory  theory  of  l!ie  cleclriual  force  that  is  adopted  in  this  edition  is, 
far  as  can  now  be  seen,  consistent  and  hannonious,  and  it  expla 
better  than  any  other  theory  the  varied  and  complex  phenomena 
electro-physiology  and  elcclro-therai«mics. 

The  chemLsEry  of  the  batteries,  it  will  be  seen,  is  expliuned  in  i 
detail,  and  in  accordance  with  recent  chemical  facts  and  notnenclatui 

To  Ohm's  Law,  at  once  so  important  and  so  difScnlt,  a  separate  a 
special  chapter  has  been  assigned ;  and  no  effort  has  been  spared 
make  it  clear  in  alt  its  iiractical  relations  to  all  triuned  minds  who  « 
give  it  close  and  careful  attention. 

In  the  preparation  of  the  section  on  Electro-physics  we  have  bet 
favored  ^ith  the  advice  and  suggestions  of  a  number  of  our  most  di 
tinguished  phyfticistn  and  mathematicians ;  and  especially  are  we  indel 
cd  to  Prof.  Henry  T.  Fdtly,  of  Cincinnati,  who  has  interested  himself, 
the  actcm]>t  here  made  to  put  the  most  recent  theories  and  facts  < 
electro-physics  in  a  shape  at  once  clear,  compact,  and  trustworthy. 

The  need  of  a  section  of  this  kind  has  been  most  urgent,  for  tt 
treatises  on  the  physics  of  electricity  that  have  been  most  acccs^ib 
are  cither  far  behind  the  time  or  have  been  expressed  so  blind 
as  to  be  of  little  vahie  to  clcctro-lhcrapcuttsts.  Even  the  best  of  tl 
more  recent  ^Titers  on  the  physics  of  electricity,  as  Fleming  Jenlcin 
and  Latimer  Clarke,  have  not  adapted  their  worts  to  the  wants  of  ihos 
who  use  electricity  in  therapeutics. 

Electro-physiology  is  largely  rewritten  and  considerably  enlarged 
It  includes  a  large  number  of  ottr  own  experiments,  mostly  made  din 
ing  the  past  three  years,  as  well  as  a  compact  rfisumi  of  all  the  mor 
recent  studies  in  this  branch  by  European  and  American  observers 
The  general  relation  of  electro-physiology  to  elcclro-therapeutics  ha 
been  bronght  into  prominence  at  every  point, 

Tlie  method  of  tentrai gaivanisafiffn  that  we  have  systeraatiied  ani 
introduced  to  the  profession  since  the  publication  of  the  &rst  e<Iitlon  t; 
here  described  and  illustrated  in  full  detail.  The  great  praclica 
advantages  of  this  method  of  galvanization  over  localised  galvanizarior 
of  the  nerve-centres — and  in  many  cases  over  general  faradization — are 
already  well  understood  by  many  of  our  leading  electro-thernpeutists. 

There  are  now  introduced  into  science,  six  methods  of  using  electri- 
city for  the  treatment  of  disease :  localized  faradization  and  localized 
galvanization,  genera!  faradization,  central  galvanisation,  and,  In  electro 
lurgery,  electrolysis  and  galvano-cautery. 
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In  (he  chapter  on  Apparatus  wc  have  endeavored  to  represent  with 
faimess  and  impartialit)r  the  be-^  workmanship  and  the  most  recent 
improvemeDts.  The  fact  of  die  superiority  of  continuous  over  sC]>iLntle- 
coil  Faradic-Diactiines  in  the  treatment  of  sen»tive  paueots  is  here  for 
the  6m  time  brought  out  and  cmpliasized. 

A  new  chapter  on  General  Suggestions  has  been  added,  in  which  the 
attempt  has  been  made  to  answer  in  detail  the  VArtous  practical  quenes 
that  so  annoy  the  beginner  in  electro>therapeutic3. 

In  tlie  section  on  Electro-surgery  the  principles  of  g.ilvano-cautery, 
of  ordinary  electro lyei»,  and  of  the  method  of  ciccirolysis  of  [he  base 
have  been  described  and  illustrated,  and  in  the  clinical  portions  all  varie- 
ties of  results  have  been  presented  from  a  very  large  experience  in  this 
department,  so  that  one  may  learn  both  what  can  be  done  and  what 
cannot  be  dune  by  eteciriciiy  in  surgical  diseases. 

In  the  clinical  part  of  elcciru-medirJnc  a  number  of  entirely  new 
chapter;  have  been  added,  and  all  of  the  chapters  have  been  recast. 
The  number  of  cases  has  been  increased  nearly  twofold,  the  failures 
and  uicceiises  being  fairly  represented. 

We  may  call  especial  attention  to  the  chapters  on  Diseases  of  the 
Skin,  wherein,  bcsidci^  many  other  cases,  are  detailed  the  remarkable 
mulls  of  central  galvanization  in  chronic  eczema  and  prurigo,  ami  to 
the  chapter  on  Diseases  of  Children,  in  which  ore  recorded  the  results 
of  exi»eriment»  in  the  ircatnient  of  whooping-cough,  njarawmis  and  de- 
bility, arnl  also  the  fact  of  the  remarkable  tolerance  of  childhood  to 
electricity.  Since  the  publication  of  the  first  edition  a  number  of  excel 
lent  works  on  nervous  diseases  hare  ap[>eared,  and  for  that  rea&on,  as 
well  as  for  lack  of  space,  the  systematic  remarks  on  ccrlain  diseases 
have,  in  this  edition,  been  mustly  omitted,  save  some  special  poiuts 
wbcrcin  our  views  differ  (torn  those  generally  adopted. 

Although  the  work  is  considerably  enlarged  yet  this  enlargement  is 
due  more  to  the  addition  of  new  matter  than  to  the  retention  of  old.  If 
there  are  any  who  object  to  the  si/e  of  the  votk,  who  seek  for  short 
and  ready  methods  to  the  science  and  art  of  eleciro-therapeutics,  who 
despise  and  deride  the  [physical  ami  physiological  relations  uf  electricity, 
and  who  suppose  that  lie  who  ha^  held  two  sponges  on  a  patient  has 
compassed  the  whole  of  clcctrology,  wc  can  only  reply  that  it  is  not  for 
such  that  this  book  was  written,  and  we  hope  that  nothing  wc  may 
write  will  encourage  the  increase  of  physicians  of  that  character.  The 
id-ral  of  every  clecuo- therapeutist— certainly  of  every  one  who  gives  the 
Ribject  special  attention — should  be  to  become  an  electrologist,  lh»t  is, 
to  be  a  master  of  electricity  in  its  phj-sical  and  physiological  as  well  as 
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its  purely  diagnostic  and  therapeutic  relations ;  for  all  such  this  e 
tion  is  designed  to  be  a  work  of  exhaustive  reference.  Those,  ho 
ever,  whose  aims  are  lower  will  here  find  the  purely  practical  a 
clinical  department  clearlypresentedby  a  large  variety  of  illustrations 
the  various  methods  of  application,  and  by  details  of  more  than  ti 
hundred  cases,  including  every  type  of  medical  and  surgical  disease,  1 
which  electricity  by  any  method  of  application  has  been  used  with  a: 
encouraging  results. 

To  those  who,  since  the  first  edition  of  this  work  was  out  of  pre: 
have  grown  weary  in  waiting  for  the  long-promised  appearance  of  tl 
second  edition,  we  may  express  the  hope  that  they  will  find  in  tl 
present  treatise  sufficient  evidences  of  original  experience  and  resean 
to  fully  account  for,  if  not  to  justify  the  annoying  delay. 
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Tax  odjrct  cf  this  work  is  to  present,  m  a  compact,  practical  fonn, 
•Q  thaX  U  now  known  on  the  application  of  electricity  to  the  trcattuCDl 
g(  diaene.  The  aim  of  the  aiiibors  has  been  to  combine  their  own 
csbouive  «ad  raiicd  researches  with  localized  and  general  clectriza- 
baa,  md  the  bbon  of  all  other  recent  exploren  in  electicMhera  pen  tics, 
is  a  MiDiiimiy  which  aliould  be  at  once  practical  and  exhaustive,  and 
wtocfa  ifaonld  repTcMnt  viih  strict  impartiality  all  that  has  been  really 
t"5mF*if'tf*  in  this  department  by  every  school,  in  every  country,  and 
bjriD  raetitods. 

For  this  andeffaking  the  auttiors  have  been  prepared  by  an  experi- 
^KK  acquired  in  more  than  io>ooo  applications  of  electricity  in  a  wide 
•aisesy  of  morbid  conditions,  and  by  personal  observation  of  the 
fthaJi  and  the  icHilik  of  the  recognized  leaders  in  this  impcrtaot 
Udofidewx. 

Por  Oiavcnfencc  of  reference,  and  in  order  to  avoid  repetition  and 
ctMirfmioo,  ibe  work  b  divided  iiilo  Eltctro-Pkysies,  Bitetro-Physiology^ 
£U£tr^-T%trapatiutfZnd  Eleftr<hSurgery.  It  is  believed  that  by  this 
■nagrtnent  the  work  will  be  more  acceptable  both  to  the  majority 
I  seek  to  coimqIi  the  distinctively  practical  portions,  and  to  the  few 
vf  deiirs  alto  to  investigate  the  subject  of  electricity  in  its 
aad  pliysiolo^cal  relations. 
General  ctectTtzation,  which  the  authors  were  the  first  in  the  profcs- 
ta  syuesnaiically  invc:ittigate,  is  here,  for  the  first  time,  described 
tUoatrued  in  s^-stenutic  detail  of  its  modus  operandi  and  its  very 
elects  to  conditiaos  of  debility. 
TlM  gcDenl  differential  bdications  for  the  use  of  the  two  cur- 
■a  and  fix  the  ote  of  localized  and  general  applications,  we  have 
to  distinguish  and  elucidate  by  lugtcal  deductions  from  the 
priac>iiles  of  electro-therapeutic «,  and,  above  all,  from  extend. 
wA  espcrirocncal  comparison.  The  knowledge  of  electro-therapeutical 
which  is  so  essential  for  an  intelligent  etectnMli;^nosis  in 
rr  have  eodeavored  to  facilitate  by  concise  and  explicit 
The  drawings  for  ill  astral  ions  of  the  dilTcrcnt  metliods 
diccsxuackMi  were  nude  from  jihotographs  taken  during  the  applica* 
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Tn  the  selection  nnd  detailed  description  of  appara.tus,  both  the  ta 
of  the  specialist  and  the  imperative  needs  of  rhc  general  piaciitio 
have  been  constantly  bomc  in  mind  ;  and  while  nearly  all  the  most 
proved  forms  of  machines  for  both  curreiiis  Lave  received  not 
uiiuutc  description  and  illustration  have  been  reserved  only  for  tta 
that  experience  has  shown  unite  in  the  highest  decree  the  qualillei 
convenience  and  compactness,  with  accessibility  and  uniformity  of 
rion.  'When  we  began  our  experimcnis  in  this  department,  there 
in  tliis  counlry  no  satisfactory  ajiparatus  either  for  ttie  faradic  or 
galvanic  current,  and  for  this  reason  oui  early  observationa  were  la 
iitider  exceeding  disadvantages. 

'i'he  dilliculty  his  for  a  number  of  years  been  partly  met  bjr 
elcctio-iiiagnetic  apparatus  of  Kidder,  which,  for  all  the  essential  qf 
itics  required,  is  as  yet  unsurpassed.  We  early  bccanie  convinced  I 
scientific  electro- therapeutics  required  also  a  galvanic  apparatus  wh 
should  be  at  least  more  coni])&ct  and  more  portable  than  those  wl' 
had  been  usually  employed,  and  that  to  be  forced  to  depend  on  aj. 
ratus  of  foreign  consttuction  would  both  retard  tlie  progress  and  pi 
licaily  proliiUt  the  popLiIari/ation  of  electro-therapeutics-  Aniid  nn 
discouragements  which  only  those  who  have  pursued  similar  invest 
tions  can  well  appreciate,  we  have  striven  to  overcome  this  serious  i 
and  to  prepare  a  galvanic  apparatus  wiiich  should  be  both  siniple  j 
enduring,  and  which  could  be  used  at  the  bedside  as  well  as  in 
hospital  or  consuUing-room.  Through  Uie  skill  and  intelligence  of 
mechaiiiciau  above4iientioued,  we  are  now  able  to  preseiit  an  Of 
ratus  for  the  galvanic  current  which,  if  not  on  the  one  band  so  ci 
pact,  or  on  the  other  so  elaborate  as  others  to  which  we  have  cal 
attention,  is  yet,  in  the  wide  variety  of  size  and  shape  of  which  ii 
capable,  in  the  simplicity  of  its  construction,  ami  the  ease  of  its  w 
agenient,  perhaps  even  better  btled  to  supply  tiic  general  waiit. 

Eleciro-iurgery,  though  a  young  and  as  yet  but  little  dtvelo] 
branch  uf  clectro-tlicrapculics,  is  yet  of  such  inlnnsic  importance  i 
intereiil,  and  so  fruitful  in  promise  far  the  future,  tliat  it  has  \> 
deemed  worthy  of  separate  and  special  consideration. 

In  the  preparation  of  the  detailed  and  statistical  reports  of  cases, 
have  sought  to  give  a  picture;  that  shall  be  so  accurate,  and  so  true 
experience,  that  it  may  be  unfailingly  recognized  by  all  those  who  % 
sue  a  similar  line  of  experiment.  The  somewhat  deserved  reproi 
agaiiini  eleclro-lhcrapeutisls,  that  they  publish  only  their  most  fortun 
results,  we  have  endeavored  to  avert  by  giving  prominence  to  failu 
as  well  as  to  successes ;  by  noting  relapses  as  well  as  permanent 
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We  have  been  not  uninindrul  of  the  iact  thai  sialislical  re- 
pcru  ot  the  results  of  any  uiethod  of  ueaiuient,  liowevec  coiiscien- 
tioueir  prepared,  must  be  at  best  incomplete,  and  to  a  certain  extent 
ftiuoty.     Therapeutics  is  always  a  subject  or  vast  cotnplicalions.     It 
bpiobable  that  in  some  of  the  cases  reported  as  absolute  or  approxi* 
Mtc  recoveries,  nature  and  time,  and  in  a  few  instances,  [iertia]>s, 
odier  niedicin.'ri  or  hygienic  treatment  bore  as  large  a  share  as  the  ap- 
pliacjons  themselves.     We  liave,  however,  endeavored  to   nialce  all 
ftoiKr  allowances  for  the  influence  of  these  various  factors ;  and  in 
the  few  exceptional  cases  where  medicinal  has  been  combined  with 
electrical  treatment,  the  fact  has  bet-n  menrioncd,  and  cases  of  posi' 
Im  doubt  hare  been  excluded  from  consideration.     For  the  stndy  of 
IIk  special  effects  of  electrical  treatment,  when  used  alone,  ve  have 
been  peculiarly  fortunate,  since  the  vast  majority  of  our  coses   had 
rinndooetl  medication  before  they  were  referred  to  our  care.    On  the 
olbcr  hand,  it  is  indisputably  true  that  some  of  the  cases  reported  as 
absf^uie  failures,  ur  as  but  slightly  benefited,  were  kept  from  perfect 
recovery  by  the  indulgence  of  evil  habits  of  hygiene ;  and  it  is  fully 
probable  that  some  of  them,  as  well  as  of  those  reported  as  unknown, 
at^rcciatcd  the  after  results  of  the  trcaiment  and  went  on  to  recovery. 
Still  further,  it  is  in  every  way  probable  that  sonic  of  the  failures  might, 
by  greater  perseverance  on   the  part  of  the  patients,  have  been  trans- 
formed into  perfect  successes. 

It  IS  believed  that  ihese  various  errors  to  a  certain  extent  counter- 
balance each  other,  and  that  on  the  whole  our  statistical  reports  fairly 
rqiresent,  so  far  as  they  go,  the  Intimate  results  of  the  electrical 
tieatment.  And  yet  it  sliould  be  considered  that  the  majority  of  the 
cases  represented  in  our  statistics  were  both  fong-standing  and  pecu- 
Harly  obstinate,  and  tliere  is  ground  for  the  belief  that  those  who  treat 
milder  and  more  recent  cases  by  the  same  methods  will  obtain  a  larger 
percenta{(e  of  success. 

It  will  be  observed  that  ihronghout  the  work  these  leading  ideas  are 
kept  constantly  in  the  foreground  as  the  foundation  principles  on  which 
mtut  rest  the  science  of  clcctro-tlierapeutics  : — 

i.  That  electrization,  besides  being  merely  a  local  stimulant,  also 
exercises  an  influence  over  general  and  local  nutriiion,  at  once  unique 
and  unrivalled,  and  that  entitles  it  to  the  highest  rank  among  constitu- 
tional tonics. 

a.  Thai  the  accepted  system  of  niakiog  the  applications  exclusively 
local  is  bolli  illogical  and  inconsistent  ;  that  in  the  use  of  electricity, 
as  of  every  olbct  remedy,  constitutional  diseases  should  be  treated 
cooslitutionall/. 
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3.  That  the  best  method  of  bringing  the  whole  STstcm  undc 
direct  influence  of  the  current  is  by  general  electriration  as  hen 
scribed ;  and  that  by  the  use  of  this  mcthoil  the  success  of  el* 
therapeutics  is  matcruilly  enhanced,  and  its  sphere  very  greatly  nidi 
so  as  to  include  a  variety  of  Sequent  and  distressing  coostitut 
morbid  conditions,  for  winch  merely  localized  electrization  is  bui 
perfectly  indicated. 

4.  Thai,  in  determining  the  influence  of  the  electrical  applicit 
ou  conditions  of  disease  the  last  appeal  must  be  nuidc,  not  to  pb 
nor  to  physiology,  nor  to  pathology,  nor  to  any  d/r*^i  reasoning  ' 
ever,  but  solely  and  alone  to  clinical  experience. 

To  lliooe  who  adhere  to  tltc  long-accc|>lcd  theory  that  electric 
merely  a  means  for  local  stimulation,  and,  as  such,  chiefly  lodicat 
the  severe  or  incurable  conditions  of  paralysis  or  chronic  rhctiina 
or  who  hope  to  reduce  electro-therapeutics  tu  an  exact  science  01 
ba^  of  a  couiiJlete  physiology  and  pathology,  the  above  proiiosi 
mast  seeni  both  radical  and  erroneous,  and  es]»ecially  so  if  they 
studied  the  action  of  electricity  on  the  body  merely  by  localized  | 
cations. 

Therefore  with  all  the  greater  interest  and  pleasure  have  wi 
served  that,  during  the  last  few  years,  there  hsA  been  in  elcctro-t 
peuiical  literature  a  manifest  and  increasing  lendt;ncy  to  abandoi 
narrow  doctrines  v(  merely  local  stimulation,  to  accept  the  fact  « 
experience  everywhere  coniinus,  that  in  electricity  we  have  an  n 
passed  means  of  improving  the  general  nutrition  in  the  iminens 
riety  of  chronic  morbid  conditions  where  such  results  aie  chiefly 
cated  ;  and  we  express  the  confident  hope  that  the  abundant  and  w 
evidence  with  whidi  in  the  present  work  we  have  been  enabled  to 
tify  tliese  propoutioQs,  increased  and  enriched  as  it  may  be  by  tli 
pcricncc  of  the  future,  and  harmonizing  as  it  surely  must  with  the 
eral  progress  of  science,  will  materially  aid  in  bringing  nearer  the 
of  their  universal  acceptance. 

Althnugii  this  work  is  not  intrndcd  to  be  in  any  sense  a  com) 
guide  to  the  study  of  chronic  diseases  of  the  ner\'ous  .system,  yet  9 
general  remarks  on  the  nature,  causation,  and  the  diagnosis  ol 
princi|>al  of  these  diseases  have  been  deemed  both  appropriate 
necessary,  for  the  twofold  reason  that  such  knowledge  is  ncccssar 
an  intelligent  ap]ireciation  of  the  directions  far  the  treatment,  and 
because  very  many  of  the  diseases  here  mentioned — such  as  ner 
dyspcpf^a,  spinal  irritation,  neurasthenia,  hypochondriasis,  inson 
locomotor  ataxy,  muscular  atrophy,  spinal  and  infantile  paralysi 
well  as  some  of  the  varieties  of  neuralgia — ^have  not  received  in  any 
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popular  text-book  the  practical  attentibn  which  their  vast  importance 
b  electro-therapeutics  requires. 

Scientific  electro-therapeutics  requires  scientific  diagnosis.  He  who 
only  knows  how  to  apply  electricity  is  not  fit  to  do  even  that  Suc- 
cessfiil  results  in  electro-therapeutics  can  be  and  are  obtained  by  the 
most  ignorant  of  charlatans,  but  to  intelligently  report  these  successes 
or  make  them  of  value  to  science  requires  the  best  skill  of  the  physi- 
cian. Mere  hand-books  of  electrical  applications  cannot  be  otherwise 
thao  injurious  to  science.  Other  conditions  being  the  same,  the  value 
of  reports  of  cases  in  electro-therapeutics  is  in  direct  proportion  to  the 
accuracy  and  completeness  of  the  diagnosis.  For  this  season  it  is  that 
electro-therapeutics  is  the  most  exacting  and  laborious  of  all  the 
special  departments,  for  in  a  certain  sense  it  trenches  on  and  necessi- 
tates a  knowledge  of  all  other  departments. 

In  the  strict  sense  of  the  word,  therefore,  the  electro-therapeutist  is 
IV)  specialist,  since  his  idea! — which  of  course  he  can  but  imperfectly 
fiilfil — must  be  to  know  something  of  every  department  with  which 
electro- therapeutics  brings  him  into  relation.  His  ambition,  like  that 
of  Bacon,  must  be  "  to  make  all  knowledge  his  province." 

Besides  a  thorough  familiarity  with  the  department  of  nervous  dis- 
eases, and  especially  with  the  recent  methods  of  studying  them  by  the 
sesthesiometer,  the  ophthalmoscope,  and  by  electricity,  it  is  necessary 
for  the  electro- therapeutist  to  avail  himself  of  all  the  advances  that  are 
made  in  the  special  departments  of  gynaecology,  ophthalmology,  otol- 
ogy, laryngology,  and  dermatology,  as  well  as  general  medicine  and 
surgery. 

In  respect  to  diagnosis  we  have  ourselves  been  exceptionally  fa- 
vored, smce  the  majority  of  our  cases  have  obtained  the  opinion  of  one 
or  more  acknowledged  authorities  in  their  respective  departments. 

That  all  the  special  views  on  the  nature  and  treatment  of  the  dis- 
eases here  mentioned  should  meet  with  universal  acceptance,  is  more 
llian  can  be  expected.  Everywhere  we  tread  on  debatable  ground. 
In  regard  to  the  nature,  the  causation,  the  symptoms,  the  general  treat- 
ment, the  divisions  and  the  terminology  of  diseases,  the  choice  of  cur- 
rents, the  methods  of  applications,  the  relative  merits  of  rival  appa- 
ratus,— in  these  and  in  many  other  subjects  there  is  room  for  the 
widest  possible  divergence  of  honest  opinion  among  those  whose  abili- 
ties and  opportunities  entitle  their  opinions  to  the  highest  respect. 
On  all  these  controverted  themes  we  present  nothing  as  a  finality,  noth- 
ing which  we  shall  not  readily  modify  in  the  light  of  sufticient  inductive 
evidence. 
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ELECTRO-PHYSICS. 


CHAPTER  I. 

A    KNOWLEDGE  OF  THE  PRINCIPLES  OF  EI.ECTBOPMlfSICS  NECESSARV 
TO    THE     ELECmO-THKRAPEUTlST — DEFIHITIOM    OF    KLECTRICITY— 

UAGxerrsM. 


* 


Eleetro-phynes  is  the  scienee  which  treats  ef  eteetrieiiy  in  its  physital 
reiaiiofit. 

No  one  can  be  a  master  in  elcctro-thcra  pen  tics  xwithoiit  also  being  a 
muter  in  electro-physics.  Hence  it  becomes  necessary,  in  a  systema- 
tic treatise  on  electro-therapeutics,  to  present  the  leading  princi^iles  of 
electro-physics,  and  to  point  out  their  practical  bearings  both  on 
electro-physiology  and  electro- llterapeutlcs.  This  iiL-ccbsity  is  all  titc 
greater  because  electro-physics  is  the  branch  of  clectrology  that  electro- 
thctapeutists  are  most  of  all  disposed  to  neglect ;  and  ignorance  of  this 
department  has  retarded,  and  still  retards,  the  scientific  advance  of 
electro-therapeutics  both  medical  and  surgical  It  is  possible  to  make 
happy  hits  in  electro-thcrapcntics  without  knowing  anything  of  eleclro- 
phj'sics  or  electro-physiology;  but  on  the  average,  and  in  the  long  run, 
the  best  results  will  be  obtained  by  those  who  to  purely  practical  know- 
ledge add  a  thorough  mastery  of  the  scientific  relations  of  the  subject. 

liTiy  discussed  in  a  Practical  Treatise  like  this. — The  necessity  of  pre- 
senting the  leading  principles  of  electro-physics  in  a  practical  treatise 
like  this  is  the  more  imperative  from  the  fact  that,  until  quite  recently 
Et  least,  all,  or  nearly  all,  the  text-books  on  physics  in  use  in  schools 
and  colleges  have  failed  to  represent  the  advanced  researches  and 
generatiiations  of  modern  scientists  in  the  department  of  electricity. 
The  old  hypotheses,  that  electricity  is  a  single  or  double  fluid,  still  linger 
in  our  centres  of  education,  or  yield  the  ground  but  slowly ;  and  even  in 
those  works  that  are  fully  up  Co  the  times  on  xim  subject,  the  special 
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tnd  practical  bearings  of  electro-physical  principles  on  electro-phyt* 
iology  and  electro-therapeutics  are  of  course  not  considered. 

To  this  should  be  added  tlie  consideration  that  any  science,  however 
vrell  acquired,  if  it  be  not  kept  before  the  mind  by  teaching  or  writing. 
Or  by  practical  application,  soon  fades  from  the  memory,  or  becomes  a 
mass  of  half-truths  and  uncertainties.  We  are  therefore  justified  in 
assuming  that  not  one  in  a  hundred  of  those  who  «nll  consult  this  book 
as  a  guide  in  electro- therapeutics  will  be  so  thoroughly  and  accurately 
informed  on  the  principles  of  electro-physics  as  not  [o  need,  on  tliis 
subject,  some  compact  treatise  which  shall  »enre  as  a  guide  and  reminder 
of  the  leading  facts  and  principles  of  the  science.  To  supply  this  need 
is  the  object  of  this  diviuon  of  our  treatise. 


KATURS  AND  DEFISmON   OF  ELECTRICITV. 

EUctriaty  is  now  regardtd  as  a  force  torreiaUd  to  the  other  great 
/orces  of  nature — heat,  Hght,  etc. — and,  tike  them,  is  simply  a  mode  of 
maiian, — a  farm  of  vibraiion. 

Although  the  precise  nature  of  these  vibrations  have  not  yet  been 
mathematically  demonstrated,  as  in  Uie  case  of  light  and  heat,  yet  the 
theory  that  the  phenomena  of  electricity  arc  the  result  of  vibrations  has 
much  in  its  favor,  and  it  is  by  no  means  impossible  that  in  the  future  the 
nature  of  these  vibrations  will  be  well  understood. 

In  the  present  treatise,  as  in  all  works  on  physics,  various  terms,  as 
"current,"  "ilows,"  "runs,"  etc.,  that  took  their  origin  when  ihe  fluid 
theory  prevailed,  are  retained  for  the  sake  of  convenience  of  description. 
With  this  understanding  there  is  no  objection  to  their  use. 

ElectHcily  is  manifested  in  thiee  general  forms  :  Magnetism ;  Stati- 
eal  or  Friitiona!  or  Frankltnic  Electricity  ;  and  Gah-tmism,  or  Voltaie 
or  Dynamical  Electricity. 


MACNCTISU. 


Magnetism. — In  order  to  understand  electridty  in  general  it  is  nece»- 
lar}-  to  understand  magnetisna,  wtiich  is  one  of  its  manifestations. 
Magnetism,  defined  by  its  phenomena,  is  the  ^ovicx  which  certain  bodies 
fpssessoi  attracting  iron.  The  bodies  which  are  observed  to  have  thia 
power  are  called  magnets,  and  are  divided  into  two  classes — naitwal  and 
artiftiai.    Natiiral  magnets  consist  of  iron  ore  or  loadstone.     I.oad< 


MAGNETISM— POLARITY  OF  MAGNETS.  3 

Stone  was  first  discovered  in  Magnesia,  in  Asia  Minor,  aad  hence  the 
klume  magaet  was  derived.  The  comjia&s  was  introduced  into  Europe  in 
die  twell^  centuo'i  but  the  Chinese  arc  said  to  have  been  acquaiotet' 
with  it  in  the  fourth  century, 

Artijitial  magnets  arc  usually  made  of  steel  that  has  been  magnetizet? 
by  the  galvanic  current  or  by  other  magnets.  Steel  bars  that  have 
been  thus  magnetized  may  be  either  straight  or  bent.  For  convcntence' 
uie,  they  are  usually  bent  in  the  form  of  a  horseshoe. 

Ail  substances  arc  more  or  less  susceptible  to  m;^etic  influence,  but 
iron  is  more  affected  by  it  than  others-  Experiments  illustrative  of  the 
>  cfiEccts  and  power  of  artifidal  magnets  are  so  familiar  that  they  need  not 
■be  dted. 

Polariiy  of  Magnets. — The  polarity  of  a  magnet  is  that  peculiar  pro- 

peity  by  wliicli  it  manifests  two  opposite  kinds  of  magnetism,  that  are 

termed,  relatively  to  each  other,  the  nonh  and  the  south  pole.     When  a 

[magnetic  needle  is  so  suspended  that  it  can  move  unimpeded  in  any 

•  direction,  one  end  points  to  the  north,  and  the  odier  to  the  south.     If 

the'magnet  be  disturbed  in  any  way,  and  forced  temporarily  out  of 

sition,  it  at  once  and  uniformly  returns. 

Polarity  is  a  quality  that  belongs  not  only  to  magnetism,  but  also  to 
other  forms  of  electricity,  and  to  light  and  the  other  great  forces. 

The  poles  of  a  magnet  arc  always  at  its  ends,  for  here  the  attractive 
power  is  greatest.  This  can  be  demonstrated  by  a  very  simple  experi- 
ment If  a  nugnctic  bar  be  rolled  in  a  pile  of  iron-tilings,  it  will  be 
finmd  that  these  adhere  to  the  bar  most  firmly  and  in  the  greatest 
quantit)-  at  and  near  its  poles.  The  quantity  that  adlieres  is  less  as  we 
approach  the  middle  of  the  bar. 

Neutral  Line. — In  long  bars  there  is  always  a  place  at  the  middle, 
or  near  10  it,  where  no  filings  are  attracted.  This  space  is  variously 
led  the  neutral  or  magnetic  toru^  or  magneiie  equator,  or  point  of 


Fig.  \ 


Another  £uuiliar  experiment  is  to  pass  an  iron  ball,  suspended  by  a 
tiling  or  thread,  near  to  a  magnet  &om  end  lo  end-  It  is  observed 
that  the  ball  is  attracted  very  little,  or  not  at  all,  in  the  middle,  bul 
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that  the  attractive  power  is  increased  as  we  bring  it  towards  either  end 
If  any  substance  be  placed  between  the  ball  and  the  magDet,  the  at- 
traction is  just  as  marked,  unless  the  interposed  substance  itself  con- 
tains iron.  Nearly  all  substances  tliat  are  not  themselves  magnetic 
are  capable  of  transmitting  the  magnetic  influence. 

Another  featiu-e  of  magnetic  polarity  is,  that  like  poles  repel,  and 
unlike  poles  attract,  each  other.  If  one  magnetic  bar  be  suspended 
freely  in  the  air,  and  another  be  brought  near  to  it,  it  will  be  found 
that  the  north  pole  of  one  is  attracted  by  the  south  pole  of  the  other, 
and  vue  ftrsd — in  short,  that  the  like  poles  repel,  while  the  unlike 
utract. 


rto. 


^fagnetUm  of  Broken  Magnets. — If  a  bar  that  has  been  magnetized 
be  broken  in  the  middle,  each  half  will  have  two  poleit  and  a  neutral 
point  in  the  centre.  If  one  of  these  halves  i*  broken  in  the  middle, 
each  half  will  be  found  to  have  two  poles  and  a  neutral  line.  If  one 
of  these  parts  in  turn  be  broken,  each  half  will  again  be  found  to  be  a 
complete  magnet,  with  two  poles  and  a  neutral  line,  and  so  on  as  long 
as  we  can  carry  the  divi^on. 

Coul&ml^s  Theory  of  Magnetism.^A  theory  of  magnetism  ad- 
vanced by  Coulomb  is,  that  magnetic  substances  consUt  of  particles^ 
taeh  one  of  rvhieh  is  a  magnet.  TJiese  particles  have  their  poles  turned 
bl  different  directions,  so  as  to  neutralize  each  other. 

Magnetization  brings  these  particles  round  so  that  they  lie  in  the  same 
direetien.  This  theory  brings  magnetism  very  close  to  statical  electri- 
city, and  would  naturally  be  adopted  by  those  who  believe  all  roag- 
etic  phenomena  result  from  electricity  in  magnetic  bodies. 
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Between  tbe  behavior  of  electricity  in  animal  bodies  (aniouJ  electri- 
city), electricity  in  general  (statical  aud  d)-namical  electricity),  to  be 
subsequently  explained,  and  magnetism  as  here  explained,  there  arc 
aiokigies  so  close  and  so  consistent  as  to  warrant  the  view  that  all  are 
but  difftrent  mamfeitati&ns  of  one  /{free. 

Magneiic  Jnduelion. — U  a  bar  of  soft  iron  is  brought  in  contact 
with  or  near  to  one  of  the  poles  of  a  niagnct,  it  is  attr.tct<:d,  and  for 
the  time  being  becomes  itself  magnetic;  and  if  it  is  brought  near 
enough  to  the  magnet,  it  firmly  adheres  to  it  A  bar  of  soft  iron  thu3 
obtains  by  induction  all  the  properties  of  an  ordinary  magnet.  It  has 
a  north  and  south  pole.  It  attracts  iron-filings  around  these  poles,  just 
like  the  regular  magnet.  If  another  piece  of  soft  iron  is  brought  in 
contact  with,  or  near  to  its  poles,  it  is  attracted  and  made  to  adhere, 
just  a«  it  would  do  if  applied  to  an  ordinary  msgnet.  Quite  a  number 
of  bars  of  soft  iion  may  be  made  to  adhere  in  the  same  way.  But 
vhen  this  bar,  thus  made  magnctict  is  forcibly  removed  from  the  per* 
nianent  magnet  to  which  it  adheres,  it  instantaneously  loses  all  its  mag- 
netic power,  and  the  iron-iilings  or  pieces  of  soft  iron  that  have  been 
attracted  by  it  at  once  drop  off.  Such  a  magnet  is  therefore  styled 
"  temporary ;'  in  contradistinction  to  the  permanent  magnets  of  stecL 

If  a  bar  of  iteet  is  brought  near  to,  or  in  contact  with  a  magnet,  it 
also  becomes  magnetic,  and  exhibits  very  different  phenomena  from 
the  bar  of  soft  iron.  In  the  first  place,  it  becomes  magnetic  much 
more  slowly  than  the  bar  of  soft  iron,  and  displays  less  niagneiic 

)wer.     On  the  other  hand,  it  does  not,  like  the  soft  iron  bar.  lose  its 
^lltractive  power  as  soon  as  it  is  removed  from  the  magnet,  but  ptrmO' 
nently  retains  it 

The  quality  of  steel  by  which  it  at  first  resists  the  attractive  power 
of  magnets,  and  resists  the  dispersion  of  the  magnetism  which  it  has 
ooce  acquired,  is  called  eoereitive  force. 

The  same  phenomena  are  observed  in  regard  to  heat.     Some  bodies 
that  are  quick  to  acquire  heat,  are  quick  to  part  with  it ;  and  vice  tersd, 
liose  bodies  which,  like  iron,  steel,  and  so  forth,  acquire  heat  gradually, 
'  also  part  with  it  slowly. 

It  is  by  virtue  of  its  coercitive  force  that  hadstone  permanently  re 
tains  its  magnetism. 

The  harder  any  steel  is,  the  greater  its  coercitive  force.     Steel  that 
I  soft  has  comparatively  little  coercitivencss,  and  when  brought  near 

,  0*  in  contact  with  a  magnet,  it  behaves  %'ery  much  like  soft  iron. 
Tery  bard  steel,  on  the  contrary,  has  so  great  coercitiveDcss  that  it  ii 
^nly  attracted  by  very  powerful  magnets. 
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Soft  iron,  when  adulterated  with  sulphur,  phosphorus,  arsenic,  oi 
charcoal,  or  if  it  is  even  twisted  or  bent,  may  exhibit  a  slight  degree 
of  coercitive  force.  Soft  iron  that  is  perfectly  pure  possesses  no  cocr- 
citive  force  whatever. 

The  law  of  the  distribution  of  magnetism  in  a  bar  of  iron,  and  the 
law  of  magnetic  attraction  and  repulaion  were  discovered  by  Coulomb 
in  1789. 

Shape  0/  AfagntU — Ufagtutu  Armatures.— knifvzxaX  magnets  are 
either  composed  of  straight  bars,  or  arc  bent  in  the  shape  of  a  horse- 
shoe. The  horseshoe  forui  is  used  mainiy  for  the  sake  of  conveni- 
ence. It  enables  us  to  apply  both  poles  ulniultaneQusly  and  uniformly 
to  the  object  that  is  to  be  magnetized.  Very  powerful  magnets  may 
be  made  of  a  number  of  thin  steel  bars  placed  side  by  side,  their  poles 
being  situated  homonymously,  that  is,  l>-ing  in  the  same  direction.  A 
number  of  bundles  of  bars  of  steel  arranged  tn  this  way  is  called  a 
^'■magnetic  tnagasint,  or  baittry" 

Magnetic  armatxtres  arc  pieces  of  Soft  iron  that  are  placed  at  the  ends 
of  magnets,  to  keep  iheir  magnetic  power.  Thia  b-ir,  or  armature,  not 
only  receives  magnetism  from  the  magnet,  but  acts  upon  it  in  return, 
and  iIjus  helps  to  preserve  its  magnetic  power.  Magnets  that  are  not 
provided  with  an  armature  gradually  lose  their  attractive  power  by  the 
disturbing  influence  of  the  magnetism  of  the  earth.  The  magnetic 
power  of  magnets  is  apt  to  be  impaired  by  letting  them  fall  on  a  hard 
surface,  Or  by  suddenly  striking  tliem  with  a  solid  body. 
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Magnetxtation. — It  is  possible  Co  communicate  magnetism  to  bodies 
diat  can  retain  it  in  several  different  ways: 

t.  By  single  Touch. — ^Thc  bar  which  we  wish  to  magnetize  is  laid 
an  a  table,  and  the  pole  of  a  magnet  is  rubbed  along  ils  surface  frotu 
end  to  end  for  a  number  of  times. 

2.  By  double  Touch, — The  bar  that  is  to  be  magnetized  is  placed  on 
B  piece  of  wood,  the  ends  of  which  arc  placed  against  two  strong  mag- 
nets. Two  magnets  for  rubbing  are  placed  on  the  bar  to  be  magnet- 
ited,  making  an  angle  with  the  bar  of  from  15'  to  20°.  A  small  piece 
of  wood  is  placed  between  the  cxtrcmiHca  of  these  two  magnets,  to 
prevent  their  touching.  They  are  then  rubbed  along  the  bar  that  is  to 
be  magnettzed,  from  the  middle  towards  the  end,  and  back  again,  and 
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raised  from  the  magnetized  bar  again  at  the  middle.  This  method 
communicates  a  strong,  though  sometimes  irregular  magnetism  j  it  wai 
iovenied  by  Mitchell,  and  perfected  by  Epinus  in  1758. 

3.  By  separate  Touih. — This  method  consists  in  jiuttingtwo  opposite 
pol^  of  two  magnets  of  the  same  force  in  the  middle  of  the  bar  that  is 
to  be  magnetized,  and  moving  each  of  ihem  at  the  same  time  toward 
the  opposite  end  of  the  bar.  This  operation  is  repeated  several  tinted 
on  both  ^ides  until  the  bar  is  magnetixed- 

Thc  magnets  may  be  held  vertically  or  may  be  inclined. 
The  vertical  method  was  first  used  by  Knight  in  1745. 

4.  By  ifu  Gaivanu  Current. — TJie  bar  10  be  magnetized  Js  placed 
inside  a  coil  of  msutatcd  wire  through  which  a  galvanic  current  is  nin- 
ning.  and  ts  then  moved  backward  and  foiwaid,  as  in  (he  method  by 
die  double  touch. 

5.  By  the  Earth. — It  is  clear  that  the  earth  is  itself  a  magnet,  for  it 
manifests  strong  inductive  power.  A  steel  rod  becomes  permanently 
magnetic  when  it  is  held  parallel  to  a.  dijiping  needle.  If  a  bar  of  soft 
iron  is  held  in  tlie  same  (losition  it  also  becomes  magnetic,  and  much 
more  rapidly  than  the  steel  bar,  but  does  not  so  long  retain  its  magnet- 
ism. If  a  soft  iron  bar,  held  in  this  position,  is  struck  a  few  times  by  a 
hammer,  its  magnetism,  which  was  before  temporary,  becomes  per- 
manent The  blows  of  the  hammer  seem  to  impart  in  seme  mj's- 
terious  way  a  coercitive  force  to  the  temporary  magnet 

Large  masses  of  iron,  when  kept  in  a  stationary  position  for  any 
length  of  time,  always  give  proofs  of  having  been  magnetized  by  the 
earth.  Tools  in  workshops  arc  apt  to  become  pcnnancntly  magnetic 
&oin  the  repeated  hammering  to  which  they  arc  subjected.  The  mag. 
netisra  of  the  loadstone  is  due  to  the  silent  but  continuotis  inductive 
action  of  the  earth.* 

Saturation  Paint  of  Magnetism, — The  limit  of  the  amutmt  of  mag- 
netism that  a  magnet  can  petmanently  retain  is  called  the  point  of  satu- 
ration-  If  any  magnet  receives  more  of  magnetism  tlian  it  can  pcnna- 
neotly  retain,  it  gradoally  loses  it  or  throws  it  off  until  it  falls  to  the 
point  of  saturation,  when  it  ceases  to  lose  any  more.  The  saturative 
pmnt  of  any  magnet  depends  on  its  temper  and  coercitive  force. 

Magnetism  is  very  markedly  influencetl  by  temiicraturc.  When  a 
magnet  is  heated  it  loses  itsiiiagneiic  power  in  proportion  as  its  tem- 
perature rises ;  when  it  cools  it  regains  more  or  less  of  what  it  has  lost. 


*  Od  ifab  subject  we  luy  refer  to  the  able  pamphlet  of  Prot  Ifayer  on  Tki  Earth 
a  great  Atagnn. 


;hapter  II. 

FRICriOKAL,  OR  STATICAL,   OK  rKANKLINIC   ELECTRICITY. 

When  glass  is  rubbed  with  silk  it  acquires  the  power  of  aitraelin 
any  light  substance,  such  as  a  pith-halL  By  a  short  contact  this  prop 
erty  is  also  communicated  to  the  pith-ball,  and  it  then  repels  the  gla^ 
instead  of  being  attracted. 

These  phenomena  are  explained  by  the  existence  of  a  force  which  i 
tenucd  EhciricUy.  Thai  whicli  exists  in  the  glass  is  called  vilrroust  C 
fosi/ive,  or  +  ciectricity.  If  a  piece  of  sealing-wax  be  rubbed  wit 
flannel  it  will  attract  the  pith-ball,  which  is  repelled  by  the  gla^s.  Thi 
phenomenon  is  ihic  to  the  existence  of  resitMuj,  or  tugaJive,  or  —  el« 
tricity  in  the  sealing-wax. 

The  name  clcclritity  is  derived  from  the  Greek  word  riXtxTpov,  mean 
ing  amber,  because,  as  the  story  goes,  Thalci  of  Miletus,  one  of  th 
seven  sages  of  Greece,  first  discovered  the  manifestations  of  this  mystc 
nous  force  by  nibbing  a  piece  of  amber  with  a  dry  cloth. 

The  sdcnce  of  electricity  dales  from  1600,  when  Dr.  Gilbert,  of  Col 
Chester,  physiciaa  to  Queen  Elizabeth,  published  a  work  oti  inagnetisni 
entitled  TraeSaius  de  Magnets.  He  first  useti  the  word  eleeirieUy.  H 
showed  that  not  only  amber,  but  other  bodies,  as  sulphur,  wax,  etc. 
develop  electricity.  He  first  used  the  term  poles  in  magnetism,  am 
announced  the  first  theory  of  terrestrial  magneti-sni.  Not  only  scaling 
wax  and  glass,  but  all  bodies  contain  more  or  less  of  electricity  that  ma; 
be  thus  developed  by  some  kind  of  friction. 

Conductors  and  Non-e0nducior$. — All  bodies  are  electrically  dividei 
into  three  classes:  Conductors,  semt-conduetors.  and  nan-conductors 
Under  the  first  class — conductors — arc  included  water  and  all  M-lin- 
solutions,  the  metals,  the  earths  and  stones,  the  structures  of  plants  an( 
animals,  eta,  etc.  Under  the  second  class — semi-conductors— are  in 
eluded  ether,  alcohol,  dry  wood,  marble,  paper,  straw,  etc,  at  32°  F 
Under  the  third  class — non-condnctors,  or  insulators — are  included  glass 
sealing-wax,  porcelaio,  resins,  sulphur,  wax,  dry  metallic  oxides,  fatt; 
oils,  etc,  at  —  13*  F.;  phosphorus,  india-rubber,  gutta-percha,  col 
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lodioD,  wool,  dry  hair,  ulk,  shellac,  eboDitc,  amber,  feathers,  chalk, 
lime,  dry  gases,  and  aqueous  vapor  in  a  dry  state. 

The  conducting  power  of  metais  may  be  lessened  by  Hearing  them. 
In  nearly  all  other  substances  heat  increases  the  contlucttDg  power. 
Certain  sub&tances,  such  as  feathers,  wool,  hair,  and  the  atmosphere, 
which  in  a  dry  state  are  non  conductors,  become,  when  thoroughly 
moistened,  the  best  of  conductors. 

In  this  classitication  of  all  substances  into  conductors,  semi-conduc- 
tors, and  non-conductors,  reference  is  had  only  to  frictional  electricity. 
Substances  that  are  setui-conduciors  for  frictioruL  electricity  are  Don- 
conductors  for  galvanic  electricity. 

Frictional  electricity  may  be  obtained  Dot  only  by  rubbing,  but  also 
by  (Icatage  and  ^essttre.  When  a  piece  of  mica  is  cleaved,  the  two 
plates  which  arc  separated  exhibit  optK>silc  cicctricirics,  and  a  faint 
light  is  obscr\'ed  when  the  cleavage  is  made  in  the  dark.  The  light 
that  is  seen  when  sugar.candy  or  loaf-sugar  is  broken,  is  accounted  for 
by  the  dcTclojinient  of  electricity  through  cleavage. 

When  a  thin  piece  of  cork  is  pressed  against  a  slice  of  orange, 
by  insulating  handles,  one  assumes  a  positive  and  the  other  a  negative 
electricity.  The  same  phenomena  may  be  obtained  by  cleavage  and 
pressure  of  very  many  other  substances,  and  under  diverse  condi- 
*ia09. 

A  conductor  is  said  to  be  insulated  when  it  is  placed  on  some  Don- 
conducting  substance,  so  that  the  electricity  communicated  to  it  is  pre- 
vented from  passing  into  tlie  ground.  Glass  is  one  of  the  best  non- 
conductors, and  is  the  insulating  material  usually  employed  in  the  con- 
struction of  electrical  apparatus.  ]t  is  hard,  durable,  and  easily  ob- 
tained, and,  could  its  surface  be  kept  always  dry,  would  be  surpassed  as 
an  insulator  by  no  material,  li;  frosty  and  dry  weaiiier  it  acts  very  well ; 
but  when  the  atmosphere  is  at  all  damp,  it  becomes  coated  with  a  layer 
of  moisture,  which  vciy  much  imi>airs  ils  insulating  power. 

A  umch  superior  insulator  to  glass  is  ebonite,  a  preparation  of  vulcan- 
ixcd  india-rubber,  that  of  late  has  been  much  used. 

JDiuorery  0/  EUetru  Conduction. — Electric  conduction  was  discov- 
ered by  Stephen  Grey  in  1739.  He  found  that  when  a  wire  700  feet 
long,  and  hung  on  loops  of  silk,  was  connected  at  one  end  with  3  glass 
tube,  and  tlic  tube  was  rubbed,  the  other  end  of  the  wire  was  electri- 
fied and  attracted  light  bodies.  When  wire-loops  were  substituted  for 
U)e  silk-loops,  the  electricity  passed  off  through  the  we.  Hence  origi> 
Dated  the  distinction  between  intuiat'trs  and  eanduelers. 

Lfiti  of  Eltitriiity. — All  electriiied  bodies  lose  electricity  more  or  leu, 
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however  carefully  Ihcy  may  be  insulated.     Tncre  arc  two  reasons  i 
this  :— 

First.  No  in&uUtors  are  perfect  The  best  insulators,  as  glass  ai 
ruTiber,  conduct  somewhat. 

SecoDt^ly.  The  air  is  a  conductor;  its  conductive  capacity  depcD 
uyioa  the  amount  cf  moisture  in  it. 

In  vafuo,  also,  electrified  bodies  lose  their  electricity  more  rapid 
than  in  air,  on  account  of  the  diminution  of  the  pressure  on  the  insuL 
ing  siirfacc. 

The  human  body,  as  will  be  shown  under  E!ectro.physioI<^y, 
charged  with  electricity,  which  is  conducted  away  by  the  air,  and  n 
unlikely  by  other  conduciurs. 

SiatUat  Inductiffn.^^An  insutattd  eondue/ffr,  -when  charged  with  eUh 
posUix-t  or  nega/wf  cUclricHy,  acts  on  bodies  f  laced  near  to  U  just  as  i 
magnet  arts  on  soft  iren  ;  it  attraets  the  oppos. 
andrepeis  the  same  kind  of  electricity.  This  nv 
be  shown  in  the  toUowing  manner :  A  brass  cyli 
dcr  (Fig.  4),  rounded  at  either  extremity, 
insulated  by  means  of  a  glass  rod.  Two  pit 
balls  are  susjiended  by  cotton  thread  from  eai 
end.  ir  an  insulated  bait  charged  with  positi 
electricity  be  brought  in  close  proxituiiy  to  ll 
brass  cylinder,  the  pith-balls  will  diverge,  sho' 
ing  a  disturbance  of  the  electrical  equilibrium  in  the  cylinder.  So  so< 
as  the  charged  ball  is  withdrawn,  the  {lith-balls  hang  down  as  bcfor 
showing  that  the  electrical  disturbance  in  the  c)-linder  depended  on  tl 
presence  cf  the  charged  ball,  and  was  merely  temporary. 

If  a  small  disk  of  insulated  gilt  paper  be  brought  in  contact  wi 
the  end  of  the  cylinder  next  the  charged  ball,  and  then  approach! 
toward  an  elcctrontcter,  the  needle  will  indicate  that  the  disk  has  | 
ceived  —  electricity. 

If  the  experiment  be  tried  with  the  opposite  end,  +  electricity  w 
be  transmitted  to  the  gilt  disk. 

It  is  thus  seen  that  +  electricity  of  th«  charged  ball  causes  the  DQ 
end  of  the  cylinder  to  assume  a  —  condition ;  while,  according  to- 
universal  law,  that  no  —  electricity  can  be  excited  without  an  equ 
amount  of  positive  electricity,  the  opposite  extremity  becomes  +.  Tl 
phenomenon  thus  described  is  called  induction,  or  influence  ;  and  whi 
in  this  peculiar  electrical  condition  the  cylinder  is  said  to  he  po/a 
ixed. 

Jnduetion  and  Conduttion  compared. — We  ha  -■«  seen  that  a  body  m; 
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be  charged  Mridi  dcctricity  both  by  eondueiien — actual    contact — and 
by  induction  at  a  distance.     In  conduction,  the  first  bod/  loses  a  part 
of  Its  electricity;  in  induction  it  does  not,     In  conduction,  the  elec- 
tiicity  given  to  the  body  is  the  same  as  that  vhich  gives  it ;  in  induc- 
tion, it  is  of  the  opposite  kind.     Id  order  to  iinpart  electricity  by  con- 
iuction,  the  body  must  be  insulated ;  to  impart  electricity  by  induction, 
lie  body  must  be  for  the  time  in  connection  with  the  earth.     Bad  con 
ducton  are  acted  on  bjr  induction  slowly,  but  retain  their  electricity 
jngcr  ;  just  as  steel  which  is  slowly  magnetized  bccomrs  ^permanent 
let,  whUe  soft   iron,  which  is  rapidly  maguetized,  soon  l^jses  its 
letism.     There  is  a  limit  to  the  conductive  capacity  of  every  elec- 
Ftri&ed  body  ;  when  this  limit  is  reached,  it  ceases  to  have  any  effect  od 
'tte  second  body. 

Hisirtbution  of  Elfetricity. — It  is  evident  that  the  greater  the  surface 
over  which  electricity  is  diffused,  the  less  is  its  power  or  intensity  at  any 
given  point. 

Blairicity  does  net pcnttrate  to  the  interior  of  metaUie  tonduetors,  but 
douses  ii self  over  the  surface. 

Experiment  proves  this.     Let  a  brass  ball  be  ctiarged  with  electricityf 
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ud  suspended  by  a  silk  thread,  and  then  covered  with  two  hemisphen- 
cal  surfaces  of  brass,  which  exactly  ht  it.     When  the  hemispheres  are 

kVitbdrawn,  it  will  be  found  that  they  are  charged  with  eWctricity,  which 

plus  been  entirely  taken  from  the  brass  ball. 

Faraday  illustrated  this  truth  by  a  beautiful  and  original  experiment 
with  a  conical  bag  of  cotton  gauze,  around  the  opening  of  which  an  in- 
■alated  ring  was  attached.    The  bag  was  held  distended  by  means  of  a 

inlk  thread  attached  to  the  apex,  and  then  charged.  By  the  proof-plane, 
b*  found  that  the  cliarge  was  wholly  on  the  outside.  The  bag  was 
then  turned  inside  out  by  pulling  the  thread  the  other  way,  when  it  was 
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the  other  hand      Afterward    a  glass   cylinder   wai  uied  instead   of 
ralptatir. 

In  1740  IVincklcr  substituted  cushions  of  horsehair  as  nibbpr^  In 
1760  Ramsieo  substituted  a  circular  glass  jilate  for  the  glass  cyUnder. 
The  forms  of  electric  machines  now  used  are  modifications  oE  Ranu- 
den's.  This  13  one  of  the  forms  of  ai>paratus  from  which  wc  obtain 
statical  electricity.  Fig.  7  represents  the  common  cylinder  electrical 
nudiine,  for  developing  electricity  by  friction. 


HoUit  EUctrpphorus  Mathine. — The  best  and  most  recent  fonn  of 
apftaratas  for  statical  electricity  is  the  electrophorus  machine  that  was 
invented  by  Holti,*  of  Berlin,  in  1865.  In  this  machine  the  electricity 
if  generated  not  by  friction,  but,  as  in  the  electrophorus,  by  indnetivf 
MticM.  The  machine  consists  erf  two  glass  disks  and  paper  coalings, 
inth  a  ntunber  of  conductors.  One  of  the  disks  revolves  on  its  aitis  ; 
the  other  remains  immovable.  The  disks  and  pai>cr  coatings  are  cov- 
ererl  with  sealing-wax. 

The  metallic  conductors  are  made  in  a  comb-shape.  An  incision  in 
the  immovable  di&k,  with  the  pa]>er  coating  and  metallic  conductor,  is 
called  an  elenKnt.  The  machine  may  have  two,  four,  six,  or  eight  of 
these  elements.  When  rotated,  the  paper  coating  becomes  charged  with 
negative  electricity:  the  corresponding  part  of  the  movable  disk  be- 
comes charged  with  positive  electricity.  The  conductor  ccTresi>ond9 
to  the  finger  of  the  experimenter.     The  length  of  the  spark  produced 

*  A  ttnllai  macUne  wu  construted  about  ihc  tame  time  bjr  T&pl«r, 
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by  the  machine  depends  on  the  %he  of  the  disk,  i»^iich  may  be  ii,  si, 

or  30  inches  in  diameter.  These  machines  are  al&o  called  ratatiot, 
muUifihers,  because  by  their  rotar)*  motion  they  multiply  by  successive 
iraasmissioas  the  charge  of  electricity  tJtat  they  commuoicate. 


FM.I. 


EUelric   Spark. — Ad  mteTcstitig  phenomenon  cODoected  with  the 
electrical  madiine  is  the  electric  spark  which  is  drawn  from  the  con- 
ductor when  the  (ingei  is  presented  to  it. 
The  positive  electricity  of  the  conductor  decomposes  the  electricity 
■He  body,  attracting  the  negative  and  repelling  the  positive,  and,  when 
rnsion  is  great  enough,  these  opposite  electricities  overcome  tbe 
uicc  of  the  air  and  recouibine,  with  a  spark  and  crackling  sound.' 
Qirk  is  accompanied  by  a  prickly  sensalion.     When  the  spark  is 
is  straight ;  beyond  two  or  three  inches  in  length  it  becomes 
or  ligzag,  like  the  lightning  io  the  sky. 
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The  hamaD  body  may  be  charged  witli  electricity  by  sitting  on  an 
insulating  stool  and  touching  the  conductor  of  an  electrical  machine. 

When  the  body  is  thus  charged,  the  hair  diverges,  a  peculiar  kcnsa- 
lion  is  felt  in  the  face,  and  if  any  other  person  standing  on  the  gioun<! 
touches  one  so  charged,  be  receives  a  spaA,  with  a  crackling  sound 
and  a  pricking  sensation. 

£/tciri?/Ai>rus. ^The  electrophoras,  invented  by  Volta,  in  1775,  con- 
sists ofa  metallic  mould,  tilled  with  a  mixtxire  of  shellac  and  turpentine, 
and  a  movable  metallic  cover  thst  is  provided  with  a  glass  handle. 
The  surface  of  the  shellac  is  negatively  electrified  by  beating  it  with  a 
cat's  fiir  or  fox-tail.  The  cover  is  then  put  on,  and  by  contact  be- 
conies  negatively  electrified,  and  gives  to  the  finger  a  slight  spark  of 
negative  electricity.  If  the  cover  be  now  removed  by  its  insulating 
handle,  it  gives  posirivc  elcctriciiy  to  whatever  touches  it.  This  posi- 
live  cleclncily  it  acquires  not  directly  bom  the  shellac,  but  by  induetivi 
a^/um  through  the  air. 

Ga/ff-Zea/  EUctroscapt. — By  this  inMrument  wc  are  enabled  not 
only  to  delect  the  presence,  bii(  to  determine  the  kind,  of  electricity 
tlut  may  exist  in  any  body. 

Fig.  9  represcDtB  Bennett's  electroscope.     R  is  a  tubulated  glau 
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•hade,  enclosed  at  its  lower  end  by  a  metallic  cover,  by  means  of  whtcb 
it  communicates  with  the  ground-  A  metal  rod.  fitting  in  the  tubule  of 
the  shade,  terminates  at  its  upper  extremity  in  a  knob,  C,  ard  at  in 
lower  extremity  it  holds  two  narrow  strips  of  gold  leaf.  On  the  inside 
of  the  shade  ore  two  &t*ips  of  gold  leaf  reaching  to  the  metal  cover 
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If  a  body  charged  with  either  Vind  of  electricity  J*  brought  in  contact 
with  the  knob,  the  gnltl  leaves  diverge. 

Thomion's  Quadrant  EUtiromettr. — A  far  supcrioi  instrument  for 
all  delicate  researches  is  the  quadrant  eltciromtter  of  Sir  Williarn 
Thomson.  This  instrument  is  quite  complex,  and  only  in  a  general 
way  shall  we  attempt  to  describe  it.  A  delicate  aluminum  ncodic, 
two  inches  long,  is  hung  by  tvro  cocoon  threads  in  a  glass  jar,  which  is 
one-sixth  filled  with  sulphuric  acid.  From  ihe  needle  a  delicate  thread 
of  plailnum  drops  into  the  acid.  The  needle  is  thus  free  to  swing  liorl- 
zoQtallji-  a  Utile  distance,  or  until  the  torsion  of  one  of  the  threads  by 
which  it  is  hung  forces  it  back  to  its  original  position.  Above  the 
needle  a  very  delicate  mirror  is  suspended.  When  the  aluminum  needle 
is  charged  with  electricity,  which  is  conducted  through  the  sulphuric 
acid  and  carried  tip  the  platinum  wire,  the  needle  is  repelled  or  at- 
tracted according  as  the  electricity  is  positive  or  negative.  Uehind  a 
screen,  at  some  little  distance,  is  pLiced  a  lamp,  the  liglit  of  which 
readies  the  needle  through  a  slit  in  the  screen.  On  the  screen  is  a 
scale  ;  a  very  slight  movement  of  the  needle  is  reflected  by  the  mirror 
above  it  on  the  scale.     An  exceedingly  slight  displacement  of  the  needle 
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will  cause  a  very  large  displacement  of  the  image  reflected  on  the 
scale.     Thus  this  instrument  is  of  great  value  in  very  delicate  researches. 
I^yden  Jar. — The  Leyden  jar  is  made  of  gta-ss,  with  a  canting  of  tin- 
foil pasted  carefully  inside  and  out,  extending  to  within  a  few  inches  of 
•he  mouth.    Thrmigh  a  varnished  wooden  cover  a  wire,  having  a  knob 
top,  is  ]»tsscd,  and  extends  to  the  inside  coating.     Now,  when  etcher 
sitive  or  negative  electricity  is  communicated  to  the  knob  at  the 
>,  it  is  immediately  diffused  over  the  whole  inside  coating  ;  and  by  itt 
ductive  influence  the  outside  coating  t,ikes  on  the  opposite  kind. 
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When  to  this  state, — the  (wo  coalings  being  oppositely  electr'fied, — 
Uie  jar  is  said  to  be  charged ;  and  a  discharge  takes  place  when  a  com* 
iiiunkation  is  established  between  the  knob  and  the  outside  coatiag, 
the  e<\uilibnuiu  being  restored  with  a  bright  dash  of  lij^lu  and  a  ttharp 
report. 

As  the  human  system  is  a  good  conductor,  this  discharge  may  take 
place  through  it,  by  grasping  the  outside  coating  mth  one  hand,  and 
touching  the  knob  at  the  top  with  the  other  ;  or  several  persons  may 
foroi  a  line  by  grasping  hands,  the  one  at  one  extreme  touching  the 
oatnde  coating,  while  ^e  one  at  the  other  extreme  touclics  the  knob. 
All  will  feel  the  shakf  as  it  is  called,  at  the  same  insiaoL  While  the 
jar  is  receiving  the  charge,  it  must  not  be  insulated  ;  that  is,  the  outside 
roust  communicate  with  the  earth.  As  the  positive  Quid  collects  OD 
the  inside,  the  outside  becomes  negative  by  the  expulsion  uf  the  posi. 
tive  fluid  naturally  in  it,  and  the  accumulation  of  the  negative  fluid  in 
its  stead,  drawn  from  the  earth.  But  if  the  outside  is  insulated,  these 
transfers  to  and  (rom  it  cannot  take  place,  and  thereibre  the  jar  cannot 
become  charged. 

A  submarine  cable  i&  really  a  vast  Leyden  Jar.  The  wire  constitutes 
the  inierivr  coating,  the  water  the  exterior  coating,  and  the  gutta- 
percha the  insulator  between  them.  On  this  account  the  pniisoge  of 
an  electric  current  through  a  submarine  cable  is  grcady  retarded. 

Hislory  of  the  Ltytien  far. — In  October,  1745,  a  bishop  of  Cammin, 
in  Poroetania,  Von  Kleist  by  name,  passed  through  a  cork  in  the  neck 
of  a  flask  an  iron  nail  connected  with  an  elccliical  machine.  The  flask 
contained  mercury  or  alcohoL  On  touching  the  nail,  Vuii  Kleist  re- 
ceived a  severe  shock.  In  January,  1746,  Cuneus,  Allamand,  and 
Musschenbroek  passed  a  nrire  from  an  electrical  machine  into  a  flask 
filled  with  water.  Mnsschcnbroek  held  the  flask  in  his  right  hand,  and 
when  a  turn  was  given  to  the  machine,  he  received  a  spark  from  the 
conductor  with  his  lefl  hand 

The  spark  was  so  terrible  that  he  declared  he  would  not  receive 
another  like  it  for  the  French  crown.  He  observed  what  Kleist  did 
not,  that  only  the  person  who  held  the  jar  received  the  shock.  In  this 
experiment  the  hand  of  the  observer  corresponded  to  the  outer  coating 
of  the  ordinary  Leyden  Jar.  He  was  the  vchmx  scicntilic  of  the  three 
Leyden  philosophers  who  have  given  the  name  lo  the  Leyden  jar. 

The  theory  of  the  Leyden  jar,  and  apparatus  similar  to  it,  was  given 
by  Franklin  in  1747.  In  the  same  year  Watson,  Bishop  of  LlandafI, 
sent  a  discharge  ironi  a  Leyden  jar  through  3,800  feet,  and  subsequently 
through  10,600  feet  of  wire. 
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Ejtperiments  like  these  were  also  made  by  Fraoldin  across  the  Schc 
kilL 

Fora  long  time  FrankltDic  electricity  was  the  only  form  used  in  elect 
therapeutics.  At  present  it  is  but  little  used  except  in  certain  h 
pitals  and  public  institutions.  Its  value  as  a  therapeutic  agent 
however,  unquestioned,  and  now  that  some  of  the  inconveniem 
attending  its  use  have  been  removed  by  Holtz's  machine,  it  is  just  t 
it  should  have  a  fair  and  careful  trial  at  the  hands  of  modern  elect 
therapeutists. 


CHAPTER  HI. 


OALTANISM,   OR  VOLTAIC  ELECIR'.CnV. 


Uhdeb  the  general  term  Dynamieal  EUctrietty  is  included  the  elec- 
tricity which  arises,  firsts  from  chemical  action^-espedalljr  from  tha; 
attending  the  dissolation  of  metals — called  galvanism  or  vcUaic  elte- 
tridty ;  te(o»dljf,  from  iiiductioa  by  currents  or  magnets,  called 
mduc€d  efttirifUy,  tUttro-magnetism,  or  magnctthtUctrUity ;  thirdly ^ 
from  heat,  called  thermo^Uclricity.  These  varielics  arc  called  dynam- 
ical electricity,  signifying  eledriaty  in  motion  as  distinguished  from 
friitifinai  or  statiral  electricity,  which  denotes  the  electrical  condition 
of  bodies  in  which  electricity  remains  insulated  or  stationary.  Strictly 
speaking,  these  tcrais — dynamUal  i^xA  statical — arc  applicable  to  both 
br«Qcbe»  yf  the  science  i  for  if  the  poles  of  a  series  of  galvanic  batteries 
ere  insulated,  they  manifest,  before  the  current  begins,  the  electric 
tension  of  a  friction  machine.  Again,  the  characteristics  of  tlie  gal* 
ranic  current  arc  manifested  slightly  in  the  series  of  discharges  which 
arc  transmitted  in  a  wire  connecting  the  prime  conductor  of  a  machine 
in  action  with  the  ground  or  other  negative  conductor. 

Naiur<  and  Definition  of  Forte  and  its  Relation  to  Matter. — />/■«  it 
that  wfiii-h  produfet  motion.  It  is  itself  a  primary-  motion  and  cannot 
be  defined.  Matter  is  a  collection  of  centres  of  force  called  atoms. 
Molecules  are  collections  of  atoms.  A  molecule  is  the  smallest  particle 
into  which  a  body  can  be  divided  without  losing  its  identity. 

The  molecules  of  a  gas  are  in  n4>id  and  continuous  motion,  and  the 
r^tive  velodties  in  diiferent  gases  has  easily  been  determined.  These 
motions  and  velocities  are  the  result  of  the  forces  of  which  matter  con- 
rists.  It  must  be  similarly  true  of  liquids  and  solids  :  force  and  motian 
rre  the  bases  of  their  eonstiiuiion.  Indeed,  without  force  matter  would 
ruit  exist  at  all,  for  matter  is  simply  an  aggregation  of  centres  of  force. 

Ponderable  Matter  is  a  form  of  force  which  our  senses  lecognize. 
Ether  pervade*  all  matter  and  all  space,  but  it  is  not  recognized  by 
v-ose,  and  yel  it  is  none  the  less  a  manifestation  of  centres  of  force. 

EUttricity  compared  with  other  Forces. — If  force  be  added  to  mattei 
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the  equilibriuni  of  that  point  is  disturbed,  and  the  dstnrbance  is  pre 
gated  from  molecule  to  molecule,  through  iiialter,  or  clher,  or  bi 
Heal  by  conduction  and  mass-motion  arc:  of  ma.tter  only.  Heal 
railiation  and  light  are  of  the  ether  only.  Electricity  is  now  regar 
as  a  movement  of  the  ether,  and  of  the  l)ody  in  which  it  circula 
Chemical  action  is  a  rearnuigemenl  of  atoms.  After  this  action 
sum  of  the  activities  of  the  molecules  of  the  rc&ultiDg  product  U 
fercnt  from  that  wliicli  its  factor^i  previously  had.  This  diffcrcnc 
force,  and  appears  sometimes  as  light,  and  under  certain  condiiiont 
electricity,  but  it  is  rarely  or  never  confined  to  one  mode  of  mani 
tation.  T/ie  condition  for  the gerteraiien  of  eleetricity  by  ekemteai  an 
appears  to  be  thai  this  action  takes  place  at  the  surface  of  a  condui 
through  whieh  a  current  {so  called)  can  circulate.  Siace  the  cuireD 
made  of  motion  of  the  mulcculcs  of  the  conductor  through  whic 
passes,  and  of  the  ether,  the  nature  of  the  conductor  must  modify 
current  itself.  It  is  known  that  the  current  through  a  tclegraph-v 
500  miles  Icag  meets  the  greater  part  of  its  resistance  in  tlic  first 
miles.  The  current  is  moditied  by  the  materia]  and  length  and  size 
the  wire. 

The  differential  physiological  edccts  of  induction-coils  of  differ 
lengths  and  fineness  may  thus  be  in  part  explained.  These  difieren 
effects  will  be  spoken  of  in  the  clcctro*thcrapcutical  portion  of  1 
work. 

The  Chemistry  of  the  Battery  not  yet  Exact. — Chemistry  can  nc 
be  an  exact  science  until  temperature,  speu&c  heat,  aod  matter  art: 
ConsiOercd,  and  ju&tly  estimated  in  all  reactions.  I'his  has  not  yet  b 
accomplished. 

We  arc  unable  to  state  a/rwrt  what  must  be  the  electro-motive  fo 
of  the  different  batteries  in  use,  since  tliat,  as  we  have  seen,  depei 
on  data  hereafter  to  be  determined.  i-Yequently,  however,  we  are  a 
to  state  which  of  two  reactions  must  evolve  the  greater  force,  and 
under  like  circumstances,  the  stronger  electric  current.  ITiisisdone 
inspection  of  the  electro-chemical  scries  of  elements.  That  scries,  hi 
ever,  must  vary  with  the  temperature,  so  that  it  is  no  sure  guide. 

Q^e  of  tfu  Water  in  the  Battery.- — The  water  used  in  all  comn 
batteries  serves  as  a  solvent  of  the  salt  formed  in  the  reaction.  \V1 
the  water  used  bcconics  saturated  by  this  salt  the  current  &top&,  an^ 
declines  in  power  as  tlie  solution  approaches  saturation. 

Office  of  the  Metals  in  the  Battery. — Of  the  two  metals  in  t 
battery  one  only  enters  into  the  reaction.  Zinc  has  generally  filled  t 
place  in  all  the  best-known  batteries,  because  it  is  nearer  the  ncgat 
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end  of  the  clectro-chemicnl  series  than  any  other  common  and  c>inve- 
DieDt  metal  "Poiassiumot sodium  vroaldbe  the  A^auideaioi the  negmivf 
metal,  but  they  arc  nq[  convenient  or  practicable.  Any  metal  or  con- 
ductor which  is  not  acted  on  by  the  fluid  in  which  it  is  immersed  may 
occupy  the  other  place  in  the  couple. 

All  modern  rescarcli  tends  toward  the  conclusion  that  the  dift'ercnt 
forms  of  electricit)*  which  wc  variously  distinguish  as  magttetitm,  Frank- 
limism,  galvanism,  iUetro-magmtism,  arc  but  CTpressjons  of  one  force, 
which  force  is,  as  we  have  seen,  but  a  mode  of  motion  of  the  universal 
ether.  Very  recently  a  European  physicist  has  estimated  the  eleciro. 
Qiocive  force  of  HolLt'  s  machine,  and  has  expressed  it  in  a  mathematical 
forrn,  so  that  ii  may  be  compared  with  the  ordinary  galvanic  batteries. 

In  the  present  chapter  wc  shall  speak  of  the  form  of  electricity'  that 
is  generated  by  chemical  action — galvanism  or  vollaism.  Analogy  and 
experience  make  it  more  than  probable  that  all  ehimical  action  whatsa- 
ftrr  is  aUended  with  the  nttutiffn  of  eUttrieiiy ;  and  reasoning  still 
fartherwe  may  believe  diat  all  molecular  disimbaoce,  however  excited, 
must  give  rise  to  electrical  disturbance.  The  play  and  interplay  of 
electrical  phenomena  are  incessant  and  infinite;  electrical  force,  like 
light  and  gravity,  is  everywhere  being  generated  and  everywhere  acting. 
If  we  arennable  to  detect  the  electricity  generated  by  chemical  action 
only  aader  certain  conditions,  or  when  generated  in  comparatively 
laige  quantities,  it  is  because  of  the  imperfections  of  our  knowledge  and 
the  want  of  sufTiaent  re&nement  in  oiir  apparatus  for  collecting  and 
measuring  electricity. 

h%  a  matter  of  ex]>ericnce  it  i»  found  that  chemical  electricity  is  most 
conveniently  generated  by  the  reactions  that  take  place  between  two 
metals  and  some  actd  solittion,  and  as  a  matter  of  convenience  and 
economy  xinc  is  the  metal  at  tlie  e.\pense  of  which  the  electrical  force 
is  evolved,  the  other  metals  acting  merely  as  conductors ;  but  the 
combinations  that  are  actually  employed  by  physicius  are  but  a  fraclioD 
of  those  that  are  possible  and  conceivable. 

Every  year  new  batteries  and  modifications  of  old  batteries  are  de- 
vised, but  all  of  them  are  based  on  the  general  principle  that  chemical 
action  of  any  sort  whatsoever  is  attended  by  the  evolution  of  electri- 
city. 

We  present  below  brief  descriptions  of  some  of  the  principal  batteries 
that  arc  now  in  use.  All,  or  nearly  all  of  Ihcm,  in  (heir  orij^inal  shape, 
or  under  various  modifications,  are  used  in  electro-lherapcutics.  We 
shall  not  attempt  to  exhaust  the  list,  but  to  illustrate  those  that  are  best 
known,  most  useful,  and  arc  most  thoroughly  representative.    Those 
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who  ondersond  the  pnnci[^e  on  which  these  batteriei  are  constructecj 
will  not  find  it  difficult  to  understand  any  new  modi6catioQ  of  them  thul 
may  arise.  , 

Here  let  us  interpose  the  remark,  that  the  time  and  energy  that  arc 
devoted  to  the  study  of  the  chemistry  of  batteries  will  not  be  wasted 
time— will  indeed  be  spent  most  wisely — for  half  the  annoyances  of 
young  and  old  electro- thenijwutists  comes  from  the  dlDicuhy  of  keeping 
their  batteries  in  order.  This  difficulty  will  be  diminished  one-half  and 
more  when  we  really  understand  the  mechanism  of  batteries  and  the 
hws  that  govern  their  action. 

Simple  Galvanic  Circles. — In  the  formation-  of  a  simple  galvanic 
circle  there  are  usually  metals  and  a  liquid. 
Fig.  1 1  constitutes  such  a  circle. 

Let  C  and  Z  represent  respectively  plates 
of  copper  and  zinc  introduced  into  dilute 
acid,  and  connected  by  a  wire.  .\n  electri- 
cal disturbance  Lakes  place  over  all  the 
surface  of  the  rinc  covered  by  the  liquid. 
Positive  electricity  is  generated  at  the  zinc 
element,  and  flows  through  the  liquid  to  the 
copper,  and  thus  a  constant  current  is  es- 
tablished over  the  wires,  as  shown  by  the 
arrows. 
So  far  as  the  galvanic  action  is  concerned. 
it  matters  not  whether  the  plates  touch  each  other  or  are  connected  by 
wires,  as  in  the  figure.  A  current  is  formed,  whether  contact  is  made 
between  the  plates  either  above  or  below  the  lic|uid.  In  every  instance, 
however,  a  eircuU  must  be  formed,  around  which  llie  electricity  may  (low. 
The  electricity  may  traverse  the  circuit  cither  in  a  single  current  or 
in  a  number  of  partial  currents,  into  which  it  may  divide  itself  when 
the  plates  are  brought  in  contact  along  their  whole  surfaces.  When 
the  plates,  or  the  wires  which  connect  them,  are  in  contact,  the  circuit 
is  said  to  be  closed ;  when  they  are  separated,  it  is  said  to  be  breken^  or 
n.  The  electricity  is  generated  wholly  by  the  chemical  action  of 
acid  upon  the  zinc,  and,  other  things  being  equal,  tlie  quantity  of 
'ricity  set  in  motion  will  be  proportional  to  the  extent  of  zinc  sur- 
rxposed  to  llie  acid. 

w   terms    Elecfro-f>csiiive  and  Eleetrfi^egative. — Both  in  simple 

ompotmd  circles  the  electricity  always  moves  in  the  liquid  of  the 

t  (irom  the  zinc  to  the  copper;  and  out  of  the  liquid,  from  the 

to  the  sine    This  should  be  remembered,  fince  the  zinc  m 


Tm.  II. 


POLARITY  or  THE  CIRCUIT. 


23 


<^Ud  the  tUdro-fositive  tltmemt,  aUhcugh  out  of  the  li^id  it  is  negO' 
tivt ;  And,  consequently,  in  the  dccomposiuon  ibat  occurs  in  the 
battery,  that  clement  which  goes  to  the  linc  pole  is  called  the  elec'^o- 
jiositive  element,  being  attracted  by  its  oppwitc  force ;  while  the 
element  going  to  the  copper  is  called,  for  the  same  reason,  the  clcctro- 
negative^a  current  from  two  liquids  and  one  mctoL 

Two  liquids  and  one  metal  can  also  produce  a  circuit  as  well  ss  one 
liquid  and  two  ntetaU.  Becquerel's  oxygen  battery  (pile  ii  oxyg6ne)  it 
one  of  the  best  arrangements  of  this  kind.  The  current  is  produced  by 
the  action  of  caustic  potash  on  nitric  acid,  platinum  forming  the  con- 
ducting axe 

Nomegmeity  of  tht  Galvanic  Circuit. — In /rw-fttf/rir/ electricity  there 
aie  points  which  form  the  seat  of  +  or  —  electricity.  On  the  con- 
trary, in  a  wire  where  a  galvanic  current  is  circulating,  there  are  no 
Rich  ix>int*.  Jl  has  no  power,  like  frictional  electricity,  to  attract  or 
repel  objects.  The  wire  fcel<t  and  behaves  no  differently  when  the 
ctirrent  is  pos^g  than  when  it  is  not.  The  wire  conducts  so  much 
better  tlian  the  air  that  the  current  follows  it.  Its  force  is  the  Ramc  at 
every  point,  in  the  battery  or  in  the  circuit.  .Making  interruptions  in 
it  at  different  points,  and  sending  currents  through  solutions  of  sulphate 
of  copi>cr,  the  same  amount  of  copi>cr  is  deposited  at  each  of  the 
places  where  the  intemiption  is  made.  If  we  connect  the  several 
breaks  by  pieces  of  platinum  wire,  each  wire  wilt  be  heated  to  the 
•lame  temperature. 

/«  short,  the  mftgnetic-heaiing  and  chemical  and  other  effects  of  the 
current  are  the  same  at  every  point  in  the  circuit. 

Poiartty  of  the  Circuit. — If  the  wire  in  which  the  current  runs  be 
cut  or  broken  at  any  point  in  the  circuit,  the  current  ceases  to  flow- 
thai  is,  ceases  to  be  dynamic,  but  at  the  two  cut  ends  there  b  statical 
electricity.  One  end  of  the  cut  wire  will  be  charged  with  +  and  the 
■other  with  —  electricity.  The  amount  of  this  statical  electricity  will 
depend  on  the  original  strcng^tli  of  the  current  before  the  intemiption 
was  made. 

By  the  condensing  electroscope  it  can  be  shown  that  each  end  of 
the  cut  wire  Is  charged  with  an  opposite  electricity,  and  the  amount  of 
this  can  be  estimated  If  we  take  away  any  part  of  the  wire  entirely 
from  the  circuit,  the  piece  of  wire  taken  away  is  out  of  the  circuit  en- 
liiely;  but  if  the  ends  of  the  wires  at  each  point  of  interruption  be 
dipped  in  a  fluid  that  is  decomposed  by  the  current,  the  circuit  will  be 
again  completed,  and  it  will  be  found  tliat  the  part  of  the  wire  that  is 
taken  away  has  op|>osite  electricities  at  the  ends. 
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Similarly,  also,  the  solution  in  the  battery  and  the  metals  themselres, 
like  the  corineciiiig  wire,  are  +•  at  one  end  and  —  at  the  other.  The 
circuit  throughout  consists  of  4-  following  —  and  —  following  -f-.  Ii 
appears  to  be  ciectrically  the  same  throughout. 

KUetrical  Relalions  of  the  EUmenls. — In  the  galvanic  cell,  by  the 
decomposition  of  the  water,  oxygen  arises  at  the  positive  pole  and 
hydrogen  at  the  negative. 

The  metals  assume  opposite  electricities,  the  zinc  being  positive  ajid 
the  copper  negative. 

Since  electricities  that  attract  each  other  are  opposite  to  each  other, 
the  substances  that  arc  liberated  at  the  positive  pole  are  called  tleciro- 
negativf.  and  the  substances  liberated  at  the  negative  pole  arc  called 
elettrO'Positive.  Thus,  in  the  decomposition  of  the  battery,  oxygen 
which  is  liberated  at  the  zinc  is  electro-negative,  white  hydrogen  which 
is  liberated  at  the  copper  or  platioum  is  electro-positive. 

The  elements  have  been  arranged  as  to  their  electrochemicat  rc- 
lationt  when  associated  in  pairs  in  the  galvanic  cell.  According  to 
recent  chemistry,  atoms  arc  arranged  in  two  classes,  according  to  their 
combining  power.  Positive  atoms  arc  those  which  are  attracted  to  the 
negative  electrode  in  electrolysis,  and  whose  hydrates  arc  bases. 
^fegoHve  atoms  are  those  that  are  attracted  to  the  positive  pole  in 
electrolysis,  and  whose  hydrates  are  acids.  The  electro-chemical  serief 
ire  prescDled  below : 
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Negative  end  — . 

Silicon. 

Zinc. 

Oxygen. 

Hydrogen. 

Manganese. 

Sulphur. 

Gold. 

Laathaoum. 

Nitrogen. 

Osmium. 

Didymiiitn. 

Fluorine. 

Iridium. 

Cerium. 

Chlorine. 

Platinum. 

Thorium. 

Bromine. 

Rhodium. 

Zirconium. 

Iodine. 

Ruthenium. 

Aluminum. 

Seleuium. 

Palladium. 

Erbium. 

Phosphorus. 

Mercury. 

Yttrium. 

Arsenic 

Silver. 

Glucinum. 

Chromium. 

Copper. 

Magnesium. 

Vanadium. 

Uranium. 

Calcium. 

Molybdenum. 

Bismuth. 

Stronrium. 
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Tungsten. 

Tin. 

Barium. 

BoroD. 

Indium. 

Lithium. 

Carbon. 

Lead. 

Sodium. 

Antimony. 

Cadminm. 

Putassium. 

TeUurium. 

Thalliam. 

Rubidinn]. 

Tant&lDtn. 

CobalL 

Caesium. 

Colnmbium. 

Nickel 

Fositivt  end  +■ 

Titanium. 

Iron. 

ft 
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Each  atom  of  any  of  the  substances  in  this  list  is  positive  to  an^ 
atom  of  any  substance  above  it,  and  negative  to  any  one  below  it. 
These  distinctions  are  therefore  purely  relative. 

Thus,  for  example,  copper,  when  associated  in  a  galvanic  pair  in  the 
projicr  fluid  with  any  one  of  the  elements  below  it,  generates  positive 
dectricity  and  becomes  electro- positive,  but  when  associated  with  any 
one  of  the  elements  above  it,  becomes  electro-negative. 

The  more  ctcctro-negative  any  one  of  the  elements  in  this  series  \% 
to  a  given  element,  the  more  intense  will  be  the  current  generated 
when  they  are  united  in  a  galvanic  pair.  For  eiainple,  the  current 
generated  by  zinc  and  copper  "is  feebler  than  that  obtained  from  zinc 
and  platinum,  and  the  current  is  less  when  carbon  is  substituted  for 
the  platinum.  The  order  in  the  above  arrangement  is,  however,  by  no 
means  absolute.  The  relative  position  of  the  metals  depends  fre- 
fjoently  on  the  \\<\\i\A  in  which  they  are  immersed.  Thus  silver  is  — 
toward  lead  in  a  solution  of  dilute  sulphuric  acid,  while  in  a  solution 
of  cyanide  of  potassium  it  is  +  toward  it. 

Amalgamatien. — If  pure  zinc  is  immersed  in  dilute  sulphuric  acid 
DO  change  is  manifest,  while  ordinary  commercial  zinc  is  quickly  dis- 
solved by  it.  The  action  of  the  dilute  acid  or  zinc  is  due  to  the  im- 
inirities  of  iron  or  lead  which  it  contains.  These  tmpnrttics  are  electro* 
negative  toward  zinc,  and  they  cause  la<al  eurrrnts  of  eleetricity. 
When  the  l>aticry  is  closed,  these  local  currents  interfere  witli  the 
action  that  produces  the  main  current ;  when  the  current  is  open,  they 
may  still  keep  up  their  action,  as  is  evidenced  by  the  bubbling  up  of 
the  gases,  and  thus  the  zinc  may  be  in  time  destroyed. 

Now,  local  action  in  a  single  battery  cell,  arising  from  the  above 
cause,  not  only  consumes  the  power  of  that  member,  but  reduces  the 
energy  of  the  whole  series.  In  order  to  avoid  this  evil,  resulting  from 
local  action,  it  is  necessary  that  the  zinc  plates  be  amalgamated  with 
mercory.  The  amalgamated  surfaces  are  reduced  to  one  uniform 
electrical  condition,  like  pare  zinc,  and  will  remain  in  the  fluid  for  any 
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length  of  time  unacted  on,  ninil  connected  m-ith  the  electro-negati 
elcmcoL 

At  the  present  time  all  improved  batteries  are  con^tnicted  with  am: 
gamated  zinc 

Ilmi'  io  amalgamatt  Zinc. — ^To  amalganute  zinc,  fin>t  inmierse  it  in 
solution  of  dilute  sul^^uric  acid  of  almost  any  strengtli,  so  as  to  cle. 
the  iuffece ;  then  dip  it  in  mercury,  or  pour  mercury  over  it,  and  r 
it  on  frith  a  bnish  or  sponge  or  cloth.  The  mercury  will  spread  vc 
rapidly  over  the  surface  of  the  zinc,  and  give  ii  a  bright,  mercury-li 
appearance. 

The  an  of  atnalgamaling  sine  is  of  great  practical  importance  to  t 
electro-therapeutist,  since  nearly  all  the  batteries  in  common  use  ha 
zinc  for  one  of  the  metals.  Amalganmted  zinc  was  first  used  for  g: 
vanic  batteries  by  Kemp,  in  1826. 

Chemical  Aciian  the  Origin  of  the  Current. — When  the  electrical 
opt'os>(c  mctola — zinc  and  platinum,  for  example — axe  dipped  in  acid 
lated  water  and  united  at  Ihetr  ends,  either  directly  or  by  a  wire,  ti 
zinc  has  so  strong  an  attraction  for  the  oxygen  of  tlte  water  tliat  it  unit 
with  it  and  forms  the  oxide  of  zinc.  This  oxide  of  zinc  combines  wi 
the  sulphuric  acid  and  forms  sulphate  bf  zinc.  The  hydrogen  of  t 
water  escapes  in  the  form  of  gas  al  the  ])latinum.  The  result  of  tl 
ehemical  action  is  a  current  of  eUctrieiiy.  The  ziuc  (the  clecu 
negative  element)  dissulvcs,  and  the  quantity  of  electricity  genctab 
is  proportioned  exactly  to  the  quantity  of  zinc  dissolved.  t 

It  had  been  supposed  by  Volta  and  his  followers  that  simple  conU 
of  the  metals  -was  all  that  was  necesiary  to  excite  the  current ;  b 
Faraday  showed,  by  two  very  beautiful  experiments,  that  mere  eonta 
was  not  sufficient — that  there  must  be  ehemical  action  in  the  cell 
order  to  obtain  3  current.  It  is  possible  that  all  chemical  actions  a 
attended  with  llie  generation  of  electricity  ;  but  only  under  certain  co 
dilions,  or  when  the  amount  is  considerable,  are  we  able  to  detect  iL 

In  what  way  does  Chemical  Action  generate  the  Current  f — In  sciea 
it  often  happens  that  tlie  simplest  and  easiest  questions  arc  the  harde 
to  answer.  Just  how  the  current  h  excited  by  chemical  action  we  ( 
not  fuUy  know.  We  know  that  when  the  different  metals  touch  ea( 
other,  the  positive  electricity  will  go  to  one  tmetal  and  the  negative  ' 
the  other.  This  disturbance,  however,  is  only  momentary,  and  equi 
brium  IE  at  once  restored,  and  no  current  continues. 

Now  we  may  regard  ijie  atoms  of  oxygen  and  hydrogen  that  mal 
up  a  molecule  of  water  as  charged  with  opposite  eleclridttes,  like  tw 
different  metals.    \Mten  zinc  and  platinum  are  dipped  in  water,  tl* 
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positirely  charged  atom  will  turn  toward  one  metal  and  the  negative 
Towv^  the  olhirrj  but  as  long  as  the  nietaJs  do  not  touch  each  other 
tfjc  equilibrium  is  at  once  restored,  and  ihcre  is  no  oirrenL  The  free 
ends  of  the  metals  are  in  a  state  of  electric  tenaon,  and  are  capable 
of  discharging  themselves  into  a  condenser  or  Lcydcn  jar.  \Vhen  the 
metalt  are  made  to  toueh  eath  ethtr^  or  are  coHHteted  hy  vires,  they  are 
relieved  of  their  charge,  and  again  become  charged  ;  then  again  relieve 
^emselves,  and  so  on  indefinitely.  There  ts  no  equilibrium  established, 
bat  a  constant  effort  to  establish  it,  which  never  succeeds.  This  con- 
siaoE  effort  to  establish  an  equilibrium  keeps  np  the  current 

EleelruUy  a  Mode  of  Mot'teiu — Although,  for  the  sake  of  conve- 
nience, we  speak  of  electricity  as  a  current  flowing  in  certain  direc- 
tions, after  the  Tuanner  of  a  river,  yet,  as  we  have  already  said,  we 
chould  not  thereby  be  led  into  the  error  of  supposing  that  the  elec- 
tricity is  a  real  fluid  flouring  through  different  substances,  or  from  one 
substance  to  another. 

Elettrieity  is  a  dtsiurAaitee  propagated  in  the  iMecuies  of  a  bfldy, 
OMd  ai  ike  tame  time  in  the  Ether  pervading  that  body. — The  theory  that 
tight  vas  caused  by  the  emission  of  particles  from  the  stm  was  aban- 
doned long  ago;  and  now  the  theory  that  light  consists  of  undulations 
of  ether  b  considered  to  be  as  impregnable  as  the  theory  of  gravitation. 
Similarly  we  may  believe  that  electricity  consists  of  movements  of  a 
^diflfcrcnt  kind  from  those  of  light,  btit  which  is  variously  modified  in  its 
mmifestations  by  the  substances  through  which  it  circulates. 

The  impulse  or  nrovement  that  constitutes  what  we  call  the  current 
^  may  be  regarded  as  simply  a  mode  of  motion. 

J^ariiy  of  Elettricity.  — Polarity,  or  properties  in  opposite  direetionsj 
is  iwt  peculiar  to  electricity.  light  and  heat  may  also  be  polarized, 
and  chemical  attractions  and  repulsions  are  h'kewtse  manifestations  of 
the  polar  qualities  of  atoms.  We  may  gather  a  definite  idea  of  the 
oaiure  of  electricity  and  the  character  of  the  so-called  "current"  by  the 
following  illustration  :  Let  a  tube  be  filled  with  balls,  all  of  which  are 
attracted  to  each  other.  If  the  first  ball  is  turned  round  on  its  centre, 
it  will  turn  in  a  similar  way  the  next  ball,  and  so  on  through  the  whole 
ECiies.  There  is  here  no  progress  of  a  material  current,  but  simply  a 
wMi«m. 

[f  the  motion  is  rapidly  repeated  through  the  attempt  of  electricity  to 
find  an  equilibrium,  we  have  what  we  call  an  electrical  cuirent. 

ElectrteUy  ectverfihle  into  the  other  Great  Forces.— V/c  see  in  thil 
tection  on  electro-physics  many  illustrations  of  the  transformation  of 
one  force  into  another.     If  we  start  with  beat,  we  find  that  it  pro- 
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duces  electricity,  and  thnni^  electricity  produces  chemical  action, 
magnetism,  and  light.  If  we  start  witli  magnetism,  we  6ii<i  that  it 
produces  ekctricity,  and  throu^  electricity  heat,  chemical  action,  and 
UgfaL  If  we  start  with  chemical  actioo,  we  find  that  it  produces  heat, 
light,  and  electricity.  If  we  suit  with  electricity,  we  find  that  it  pro- 
ducer ma^ctism,  beat,  li^t,  chemical  action,  and  motion. 

Coaversion  of  EltctrUUy  into  Htat.  Tlu  J&ltetrie  Light. — By  the 
law  of  the  correlation  of  forces  the  electricity  gcnetatcd  in  a  batteiy 
may  be  converted  into  heat.  This  heat  may  remain  in  the  battery  or 
be  tiaosferred  to  any  part  of  the  circuit.  In  order  to  convert  the  elec- 
tricity into  heat  it  must  pass  through  some  poor  conductor  that  resists 
its  passage,  and  thus  compcU  it  to  appear  as  heaL  With  ordinary 
thick  copper  wire  there  is  but  little  sensible  heat  in  the  passage  of  a 
current,  because  copper  wire  is  a  good  conductor;  but  when  platinum 
wire,  which  is  a  poor  conductor,  is  used,  it  is  raised  under  a  strong 
current  to  white-heat.     This  has  been  utilized  in  gattiana-eautfry. 

In  the  iUctric  light  the  heat  is  traiuferred  to  carbon  points  interi>osed 
in  the  circuit  Particles  of  carbon  become  incandescent,  and  are  volatil- 
lied  and  transported  from  the  positive  to  the  negative  pole.  A  metal 
or  other  substance  may  give  an  electric  light,  but  carbon,  on  account  of 
its  Inability,  gives  a  better  and  stronger  light  than  any  other  substance, 
rhc  electric  light  was  invented  by  Sir  Humphry  Davy  in  1813. 

Compound  Galvanic  Cirdes, — The  compound  galvanic  circle,  or  gal* 
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ic  battery,  is  composed  of  two  or  more  simple  galvanic  circles.  They 
so  connected  together  that  the  copper  of  one  battery  is  joined  to 
tine  of  the  next,  and  so  on  throughout  the  series,  lly  combining 
ther  a  number  of  cups  nich  as  are  represented  in  Fig.  13,  we  form 
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&n  excellent  compound  circuit.  Each  cup  contains  a  zinc  and  a  coppei 
pLitc,  which  are  connected  together  as  described  above.  By  examining 
this  airaogeoient,  it  mil  be  seen  that  one  extreme  of  the  scries  is  cop> 
per  and  the  other  zinc  If  the^  two  cxtremc!»  or  poles  are  connected 
by  a  copper  wire,  the  current  will  Bow  in  the  direction  of  the  arrows, 
both  through  the  series  and  over  the  wires. 

Derived^  or  Fartiat,  or  Branch  Currents. — When  a  current  in  its 
passage  through  any  conductor  meets  with  different  qualities  of  resist- 
ance, it  subdivides  into  various  branch  currents.  In  Fig.  13  the  cur. 
pent  go«s  irotn  the  demenu  through  the  wire  r,  ^^  /,  n,  m ;  but  if  a 
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second  wire,  «,  *,  g  be  interposed,  the  current  will  divide  at  g,  it, 
part  going  by  way  of  g  and  part  around  through  Jf,  «.  The  divided 
currents  which  go  through  the  wires  are  called  derived  or  partial  cur- 
rents. It,  instead  of  one  or  two  wires,  a  large  number  were  interposed, 
the  current  would  subdivide  itself  as  many  times  as  there  were  wireSi 
pait  gmog  through  each  wire. 

]n  thus  dividing  into  derived  or  partial  ciurenls,  two  laws  are 
obeyed: 

I  St.  7^  SUM  ef  the  strength  of  thf  divided  eurrtnt  is  equal  ts  the 
ttremgth  of  the  prineipai  current.  If  (in  the  figure)  the  strength  of  the 
current  ^,  /,  »  is  40,  and  g,  x,  n  is  60,  then  the  strength  of  the  prin- 
cipal current  in  r,  g^  before  division.  Is  100. 

zd.  Tht  strength  oj  the  currents  in  the  divided  parts  is  inverjtty 
at  the  resistance  ia  /hose  parts.  This  law  supplements  the  first,  ilc- 
Itstance  is  directly  as  the  length  and  inversely  as  the  diameter. 

If  the  derived  wires  are  of  the  same  length  and  diametirr  as  the  prin- 
dpal  wire,  then  the  current  will  divide  into  ci^ual  ])aru>  between  them. 
If  the  derived  wires  are  of  the  same  length  as  the  principal  wire,  but 
of  unequal  di-inictcrs,  the  current  will  divide  unequally,  according  to 
the  diameter  of  each  wire.  The  law  may  be  illustrated  by  thinking  of 
tlte  course  that  rivers  pursue  when  they  are  subdivided  or  split  up  into 
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deltas.     The  quantity  of  water  that  flows  through  all  Uie  aubdivisioQt 
or  deltas  would  be  equal  to  the  quantity  that  flowed  through  the  main 
stream  before  the  divisions  took  place.     If  the  subdivisions  are  of  dif- 
ferent sises,  tlie  deepest  and  widest  will  couvey 
the  most  water. 

^V'hcn  etectricity  passes  through  the  hurnaa 
body  it  encounters  tissues  that  diflcr  considerably 
in  their  cODduclivity,  and  h«nce  it  subdivides  into 
an  infinite  number  of  derived  or  partial  current^ 
the  strength  of  which  varies  with  the  nature  and 
length  of  the  tissues.  This  point  will  be  further 
iilustrated  iu  electro-physiology  and  electro-thera- 
peutics. 

Description  ef  Gaivanic  Batteries. — Under  this 
head  may  properly  be  included,  first,  a  description 
of  the  voltaic  pile,  which  was  constructed  by  Volia 
in  1799,  and  became  known  in  England  in  1800. 
The  apparatus  consists  of  a  tiumber  of  disks  piled 
ooe  above  the  other.  The  arrangement  is  iu  the 
following  order ;  A  disk  of  copper  is  placed  on  a 
frame  of  wood ;  a  disk  of  cloth,  moistened  by 
acidulated  water,  is  then  placed  oa  the  copper, 
and  tlien  a  disk  of  zinc  on  the  cloth  completes 
what  is  called  the  voltaic  couple.  A  series  of 
such  couples  constitutes  a  voltaic  pile — the  ter- 
minal copper  being  the  positive  and  the  terminal 
line  the  negative  pole. 
This  apparatus  is  inconstant  and  unreliable,  easily  rorrodes,  has 
many  inconveniences,  and  is  now  but  little  used.  Various  luodilicalions 
of  the  voltaic  pile  have  been  devised,  but  all  of  them  are  too  inconstant 
for  electro- therapeutical  ptu-poses,  or  indeed  for  any  sustained  use 
whatsoever. 

Polarisation  in  Batteries. — \\'hen  two  metals,  as  zinc  and  ptalinunit 
are  placed  in  acidulated  water,  the  platinimi  plate  becomes  covered 
witli  a  film  of  hydrogen.  This  hydrogen  is  electro-positive,  like  zinc, 
and  so  when  the  platinum  becomes  well  covered  we  have  clectro-posi* 
tive  zinc  opposed  to  electro-positive  hydrogen,  and  thus  the  current  be- 
comes enfeebled,  if  not  destroyed.  This  polamatioo  in  batteries  is  pre- 
vented in  two  ways : 

1st.  By  keeping  the  liquids  in  constant  agitation.  Blowing  into  the 
iquid  with  a  bellows,  or  stirring  the  liquid  by  any  mechanical  airangc* 
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mcnt,  keeps  the  surface  of  (he  platinum  or  carbon  free  from  hydrogen, 
and  thus  prevents  the  weakening  of  the  current. 

Dr.  Byrne,  in  his  galvano-cautery  battery  (to  be  described  in  the  sec< 
ttOQ  on  Klectro-surgery),  has  availed  himself  of  ibis  dcpulahzing  power 
of  mechanical  agitation,  and  has  thus  succeeded  in  obtaining  agreat  and 
enduring  quantity  of  electricity  from  a  cotnparativcty  Binall  surface. 

On  the  same  principle  we  explain  the  fact  that  lining  the  metals  out 
of  the  liquid  for  a  moment  or  two  at  once  increases  ihe  strength  of  the 
current  ^Vhile  in  action,  the  hydrogen  accumulates  on  tlie  platinum ; 
by  removing  the  metals  from  the  liquid  an  instant,  the  hydrogen  escapes 
and  the  battery  u  as  good  as  ever. 

3d.  By  the  use  of  tw  liquids.  The  cells  of  Grove,  Daniclls,  and 
Bunsen,  to  be  hereafter  explained,  are  constructed  so  a«  to  avoid  po1an< 
ration  of  the  metals. 

Polaritiition  of  Electrodes  and  Currents  of  Potaritaiion. — ^The  elec- 
trodes that  convey  the  current  tlirough  acidulated  water  also  become 
polarized. 

Oxygen  covera  the  poudve  and  hydrogert  the  negative  electrode. 
Hydrogen  being  electro-positive,  and  oxygen  electro-negative,  these 
two  gases  act  like  two  metals,  and  if  the  current  of  the  battery  he  bro- 
ken and  tlie  two  films  of  oxygen  and  hydrogen  are  connected  metalli- 
cally, an  electric  cunent  is  obtained.  Just  as  a  current  is  obtained 
between  zinc  and  platinum.  In  the  liquid  the  current  Hows  from  the 
^in  of  hydrogen  to  the  film  of  oxygen.  Two  electrodes  covered  in 
tfatf  way  with  films  of  gas  are  called  potari&ed,  and  the  currents  gene- 
rated by  these  are  called  the  eurrents  of  polarisation.  These  currents 
of  polaiization  are  always  in  a  direction  opposite  to  the  main  current^ 
and  tend  to  interfere  with  and  weaken  iL  This  polarization  of  the 
electrodes  takes  place  roorc  or  less  in  all  applications  of  the  galvanic 
cunent.  One  evidence  of  this  is  the  discoloration  of  the  electrodes 
that  are  employed  in  electrization  after  long  use.  To  meet  this  difficulty 
wnfolaritable  electrodes  have  been  devised.  These  will  be  described 
under  Kleciro- therapeutics. 

Stecndary  I'Utt  and  Gas-£atteriet.-~-\f  a  series  of  plates  of  plati- 
wam,  with  moistened  cloths  between  them,  be  connected  with  the  poles 
of  a  batter>-,  the  gases  {oxygen  arvd  hydrogen)  resulling  from  the  docom* 
position  of  the  water  accumulate  in  tilms  on  the  platinum.  If  now  the 
series  be  separated  from  the  battery,  it  nill  itself  through  the  action 
between  these  films  of  gases,  generate  a  current.  A  pile  thus  formed 
k  called  ft  suendary  pile.  It  was  discovered  by  Rittcr.  n»e  gas* 
battery  of  Grove  is  constructed  on  the  same  principle.    The  gases  arf 
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collected  in  glass  lubes,  oxygeo  in  one  and  hydrogen  in  the  other,  a 
in  each  tube  is  fastened  a  platinum  electrode.  The  tubes  arc  invert 
oyer  sulphuric  acid.  When  the  electrodes  arc  connected  with  a  g 
vanomcter  a  current  is  indicated,  the  direction  of  which  is  from  oxj-g 
to  tij'drogen. 

There  are  two  genaal  varieties  of  batteries,  dffubte  and  singit  eeU. 

Doublt'tell  Constant  Batteries. — ^I'he  current  produced  by  cleraci 

with  a  single  liquid  becomes  rapidly  enfeebled,  because  of  the  polarij 

tion.       Thi»    polaritaiian   is   prevented  in  the    double-cell    batten 

of  Daniell,  Grove,  and  Bunsen,  by  placing  the   electro-ncgalive  e 

ment  in  a  liquid  that  is  acted  upon  chcmica 
by  the  deposited  hydrogen.  Currents  frc 
these  two-cell  batteries  are  called  e&mtai 
because  they  do  not  weaken  so  rajiidly 
currents  from  single-cell  batteries,  and  II 
metals  can  be  allowed  to  stand  all  the  tin 
in  the  solution. 

The  term  constant  is  now  applied  lo  |] 
galvanic    current,    however   generated, 
-*1  II  11        ir^HI  M^       dislinguished  from  the   induced  or  farafl 
0t^  ^S^^Ji^i^^^   current.  j| 

r^»^-_  ii  III!-  ilJ^i^B?  j)anielts  Battery.— V\g.  15  rcprosenta 
single  celL  V  is  a  glass  or  porcelain  vcss 
nearly  filled  with  a  saturated  solution  4 
sulphate  of  copper.  C  is  a  cylimlcrof  co 
per,  0]}en  at  both  ends  and  perforated  by  a  nuniber  of  holes.  ( 
which  is  aUo  perforated  by  holes,  is  an  annular  shelf  at  the  upper  pc 
tion  of  the  zinc  cylinder,  upon  which  crystals  of  sulphate  of  copper  m; 
be  placed  10  supply  the  waste  in  the  cell  caused  by  the  electrical  actio 
P  is  a  thin  porous  vessel  of  unglazed  earthenware,  containing  il 
amalgamated  cylinder  of  zinc  Z,  and  a  solution  either  of  common  s: 
or  dilute  sulphuric  acid.  The  elements  are  connected  in  series! 
strips  of  copper,^  and  n,  which  are  fixed  to  Che  copper  and  zinc  1 
means  of  binding-screws.  When  the  circuit  in  the  battery  just  d 
Bcribed  is  closed,  an  aloni  of  zinc  replaces  and  liberates  from  the  nitr 
icid  two  atoms  of  hydrogen,  thus  producing  sulphate  of  zinc.  Tl 
liberated  hydrogen  rej^laces  one  atom  of  copper  in  the  sulphate  ( 
copper,  which  by  electrolytic  action  is  deposited  on  the  copper  clemen 
or  sometimes  on  the  porous  cup.  Polarization  is  the  resistance  to  tl 
^asage  of  the  current  produced  by  a  deposit  {s\ich  as  hydrogen)  c 
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either  of  the  elements.     No  such  deposit  occurs  in  this  battery,  hence 
the  current  is  constant. 

Order  of  the  parts  in  Daniell's  sulphate  of  copper  battery:  tst,  zinc; 
3d,  solpburic  acid ;  3d,  porous  cup ;  4th,  sulphate  of  copper ;  5th, 
copper. 


Zn  +  H.  SO,  +  Cu  SO,  =  Zn  SO,  +  H,  SO,  +  Cu 

The  current  oblamcd  bom  this  battery  will  flow  with  undiinini»hcd 
suengtfa  for  hours,  and,  in  fact,  is  superior  to  all  its  fellows  in  con- 
stancy. Daniell's  battery  was  invented  in  1836.  Tlie  modiflcalions 
of  Daniell's  battery  are  quite  numerous ;  among  them  we  may  men- 
tion those  of  Hill,  Siemens- Halske,  and  Muirhead. 

Groves  Battery. — This  battery  differs  from  DanicII's  mainly  in  the 
substitution  of  a  nitric-acid  for  i^sulphate-of-copper  solution,  and  pla- 
tinum for  copper,  by  which  increased  electro- motive  force  is  obtained. 
In  Fig.  16,  A  represents  3  glass  vessel  containing  dilute  sulphuric  acid, 
Z  a  cylinder  of  zinc  open  at  both  ends,  and  V  a  porous  pipe-clay  vessel 
partially  filled  with  nitric  add.  P  is  a  plate  of  platinum,  with  a  cover, 
C,  which  rests  on  the  porous  vessel  when  the  platinum  is  immersed  in 
the  nitnc4cid  solution  \  b  and  a  are  binding-screws,  which  connect  re- 
spectively with  the  platinum  and  zinc 

In  this  arrangement  a  double  reaction  occurs  between  the  zinc,  sul- 
phuric acid  and  nitric  acid,  giving  as  a  result,  sulphate  of  zinc,  water  and 
nitrogen  dioxide,  which  is  disengaged,  and  by  contact  with  the  air  be- 
comes nitrogen  tetroitide.  The  reaction  in  Grove's  nitric-acid  battery 
is  as  follows  :  i  si,  zinc ;  ad,  sulphuric  actd ;  3d,  porous  cup ;  ^tb,  nitric 
acid ;  5th,  platinum. 

Zn,  -(-  (H,SO,),  -J-  <HMOJ,  =  {Zn  SO,),  -|-  N.O,  -l-  (H.  O), 

ilsft  N,0,  -f  O,  =  N,  O,  by  contact  with  the  atmosphere.  Force 
just  be  lost  by  the  evolurion  of  these  nitrous  fumes.  Prod  Wolcott 
Gibbs,  of  Cambridge,  has  discovered  that  a  small  quantity  of  bichromate 
01*  potash  in  the  nitric-acid  cup  of  Grove's  battery  acts  as  a  deodorizer 
by  taking  up  the  disagreeable  nitrous  acid  fumes.  Thus  one  of  the 
most  serious  objections  to  the  use  of  this  battery  is  removed. 
Grove's  battery  was  invented  in  1839.  It  is  very  powerful^  and  ii 
3 


bunsen's  an^valker*^inc-carbon  batteries.     3! 

comimuml  battery,  by  means  of  the  clamp  m  n,  and  a  rod  connecting 
the  carbon  of  one  cell  with  the  zinc  of  the  following. 

Bantft't  Bichromate  Battery. — In  this  battciy  a  solution  of  biehr9- 
tt  of  potash — one  part  to  twelve  parts  of  water— is  placed  in  the 

IS  cup. 

The  order  of  the  parts  in  Bunsen's  Bichromate  Battery  is  as  follows : 
MX,  zinc ;  id.  sulphuric  acid ;  3d,  porous  cap ;  4th,  sulph.  acid  and 
biciiromate  of  potash  ;  5th,  carbon. 

Reaciien. 

Za,  +  (H.  SOJ,  +  K,  Cr,  O,  +  (H,  SOJ, 

=  (Zn  SO,),  +  K,  Cr.  (SOJ.  +  (H.  O), 

CArome-a/um,  sulphate  of  xinc^  and  vfaier^  are  the  products.  The  office 
of  the  porous  cup  U  to  keep  the  bichromate  of  potash  from  th>e  surface 
of  the  zinc,  and  thus  more  uniformity  and  constancy  of  action  is  attained. 
While  the  action  of  Bunsen's  battery  is  the  most  energetic  of  all  the 
constant  batteries,  and  while  the  first  cost  is  less  than  Grove's,  it  is  yet 
more  expensive  to  work  and  more  inconvenient  to  manipulate.  Bim- 
ten's  battery  was  invented  in  184.3. 

Waiker's  SingU'tell  Zitte-earb&n  Battery. — In  this  battery  earbcn 
is  Kubstituted  for  the  platinum  of  the  Smec  battery,  and  (be  solution 

.used  is  composed  of  bichromate  of  jiotash,  sulphuric  acid,  and  water, 
the  same  as  in  Bunsen's  battery.  The  carbon  is  usually  the  pressed 
and  baked  graphite  of  the  gas-works.    There  is  considerable  differ* 

,,cnce  in  the  quality  of  the  carbon  as  sold  in  the  market ;  the  more 
lioroughly  it  is  pressed  and  baked,  the  better  it  will  be.  Carbons  tliat 
are  poorly  prepared,  or  that  contain  impurities,  easily  become  soaked 
wilh  fluid  and  the  salts  of  the  solutions,  and  also  generate  local  currents 
that  interfere  with  the  main  current.  Sometimes  the  carbons  are 
{llanniied.  that  is,  covered  wjtli  finely-divided  platinum,  as  is  the  silver 

^  the  Smec  battery.  The  proportion  of  the  solution  used  in  Walker's 
battery  is  as  follows  : 

Sulphuric  add, 

Bichromate  of  potash,  U %\. 

Water %Ta\. 

The  rcactioB  is  the  same  as  in  Bunsen's  Bichromate  Battery  just  de- 
icn'bed. 

To  prepare  this  mixture,  add  the  sulphuric  acid  to  the  water,  and 
when  this  is  eaol,  add  the  bichromate  of  poLish  well  pulverized.  Do 
not  immente  the  elements  in  the  fluid  until  it  is  perfectly  eool,  for  viijftn 
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hot  the  fluid  saturates  the  carbons  and  removes  the  amalgam  frona  the 
zinc,  and  thus  injures  very  seriously  the  worktug  power  of  the  battery.* 
The  proportio'DS  of  sulphuric  acid  and  bichromate  of  jwtash  above  given 
may  be  varied  more  or  less  as  may  be  desired.  Mathematical  accu- 
racy is  not  required  If,  however,  the  solution  h  excessively  strong, 
if  the  proportion  of  bichromate  of  potash  and  sulphuric  acid  is  too 
pat,  say  two  or  three  times  what  is  here  given,  the  battery  will  wear 
away  very  rapidly  and  a  greenish-black  deposit  will  be  found  in  the 
bottom  of  the  cells.  This  deposit,  which  someiimcs  fomis  very  haixl, 
and  is  ditficiilt  to  remove  without  bieakin^  the  glasses,  is  the  chrome- 
alum,  and  is  a  result  of  the  decomposition  of  the  salts  and  acids  that 
takes  place  while  the  battery  is  in  action.  Like  the  Smee  battery,  the 
zinc-carbon  battery  will  need  to  be  occasionally  amalgamated,  but,  un- 
like the  Smee  battery,  it  docs  not  require  any  mercury  in  each  cell,  and 
the  presence  of  mercury  will  give  rise  to  local  action.  We  speak  thus 
particularly  of  the  simple  zinc-carbon  battery,  because  it  is  one  very 
widely  used  in  electjo-lheraixrulics,  an<!  it  is  important  that  its  manage- 
ment should  be  well  understood.  The  galvanic  batteries  of  Stohrer,  of 
the  Galvano-faradic  Manufacturing  Company,  and  of  Kidder,  are  mostly 
of  single-cell  ziiic-carbim  elements.  The  zinc-carbon  battery,  like 
Smee*^  to  be  hereafter  described,  is  not  constant.  If  the  metals  are  kept 
long  immersed  in  the  solution,  the  power  rapidly  goes  down.  It  is 
necessary,  therefore,  to  keep  the  metals  ouf  of  the  sclution,  except  when 
the  battery  is  in  use.  In  this  respect  the  battery  differs  very  much  from 
the  baltcriefl  of  firove,  Bimsen,  and  I-cchanchf,  wliere  the  metals  are 
never  removed  from  the  solution  except  to  be  cleaned  and  repaired. 

Sme^s  Battery. — This  battery,  invented  in  1840,  is  very  economical, 
convenient,  and  easy  to  manage,  and  on  that  account  has  been  COD- 
udcrabEy  employed  in  electromagnetic  apparatus.  It  consists  of  a 
plate  ot,co^^ug.^led  platinum,  or  silver  covered  with  ftnely-dividcd  plati- 
num, between  the  two  plates  of  zinc,  in  a  solution  of  sulphuric  acid  and 
water  {one  part  to  ten  or  twelve). 

The  order  of  the  parts  io  Smee's  Sulphuric  Add  Battery  is  as  follows  ; 

ist,  zinc;  2d,  sulphuric  acid ;  3d,  platinum. 

Reactu>n. 
Zft  +  H,  SO.  =  Zn  SO.  -I-  H, 

'  tt  to  mil  kDown  that  when  sniplitirie  acid  and  water  arc  mixed,  the  mlntion  be* 
comes  very  hot.  The  explanation  of  iMs  i«,  tliUin  mixing,  the  atonuof  [he  wiitcrare 
Mirkcted  to  the  aionu  of  the  sulphuric  ftdd ;  In  other  wordi,  vtark  is  datit.  The  voL- 
nne  ii  OimhiEihcd  8  per  ceat.,  and  the  heal  that  appears  is  a  result  of  the  work  tbiu 
petCamwd. 
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The  chemical  actioo  of  this  battery  is  more  rapid  than  that  of  the  sol- 
phalc  of  copper  battery,  because  platinum  is  more  positive  than  copper* 
whose  place  it  occupies  in  the  sulphate  of  copper  battery.  The  dis- 
engigement  of  the  hydrogen  is  effected  by  mechanical  means,  but  there 
must  be  a  large  loss  of  force  in  cliaiiging  hydrogen  to  a  ga&eous  state, 
precisely  a&  force  is  lost  in  chajiging  water  to  sleaiii. 

The  object  of  corrugating  the  plutinuui  plate,  or  making  it  into  folds 
or  furrows,  is  to  give  greater  surface.  The  object  iti  covering  it  with 
finely-divided  platinum  is  to  roughen  the  surface  so  tliat  the  hydrogen 
will  not  adhere.  Il  is  customary  in  using  the  battery  to  keep  about 
half  a  tablespoonful  of  mercury  in  the  bottom  of  the  cup,  in  order  that 
the  zincs  may  be  all  the  time  w::ll  amalgainalcd.  Care  shoidd  be  taken, 
in  the  preparation  of  this  battery,  to  prevent 
the  mercury  from  collecting  on  the  platinmu 
plate.  If  by  any  carelessness  it  docs  get 
on  the  platinum  plate,  it  will  turn  it  to  the 
.color  of  mercury,  and  will  weaken  ur  destroy 
the  foice  of  ihe  batteiy.  In  this  battery 
wore  or  less  action  goes  on  even  when  the 
'Connections  arc  not  made  ;  tliis  is  evidenced 
pby  the  formation  of  sulphate  of  zinc  at  the  top 
of  the  niclals  after  ihcy  have  been  long  im< 
mersed.  It  is  therefore  an  advantage  in  using 
the  battery  to  keep  the  elements  cut  erf  (he  so- 
luJion  when  not  needed.  If  kepi  constaittly 
inimefsed,  like  Danicll's  batter}',  it  ver>'  soon 
loses  its  i>owerand  becomes  thoroughly  incrustcd  with  sulphate  of  zinc 
Lidanthes  Battery. — During  the  past  few  years,  tliis  batter)*  has 
attracted  great  attention  in  Europe,  both  among  telegraphists  and  clec- 
tio-lberapeulists.  The  great  advantage  that  is  claiiued  for  it,  where  it 
is  not  used  too  long  at  a  time,  is  that  it  is  far  more  consunt  Uian  any 
other  battery  yet  invented.  The  battery  was  devised  by  I.eclanchf,  a 
Frenchman,  in  [S6S,  and  bears  his  name.  A  Leclanch^  cell  consists 
of,  ist,  a  cylinder  of  zinc  in  a  concentrated  solution  of  chloride  of  am- 
pionium ;  2d,  a  rod  of  carbon,  packed  with  powdered  carbon  and  na- 
tive peroxide  of  nungancsc  in  a  porous  cell.  The  whole  is  closed  with 
a  cover.  The  chemical  changes  that  take  place  in  a  Leclanch^  bat- 
tery are  these  :  Chloride  of  ammonium  is  decomposed,  chlorine  com- 
Bining  with  the  zinc,  hydrogen  being  absorbed  by  the  oxygen  of  the 
peroxide  of  manganese,  and  aminooia  being  liberated.  The  ammorua 
16  absorbed  by  the  water,  but  in  process  of  time  the  water  becomes 
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saturated,   then  the  ammonia  escapes  through  the  opening  in  t 
cover.  I 

The  chemical  formula  is  as  follows : 

Zn  +  (CI  NH.).  +  (Mn  O.).  =  Zd  CI,  +  H.  O  +  (NH,),  (-  Mii,< 

Leclanch6's  battery  was  first  arranged  for  electro-therapeutics 
Gaiff<£,  an  iostrumenl-naaker  of  Pari*.  It  has  been  modified  by  Tripi. 
the  wcll-knoM-n  French  clcctro^herapcutist,  by  Kcyser  and  Schmii 
of  Berlin,  and  a  portable  form  has  been  devised  by  Beeli,  of  Mimic 
l.ec1anchi-'8  battery  has  one  great  advantage  and  some  disadvantagi 
Its  advantage  lies  in  its  power  of  endurance.  If  tiot  overworked 
will  stand  for  months  and  years,  and  yet  retain  sufficient  power  to 
quite  ubcful  in  eteclro-lherapeutics.  This  b  not  true  of  any  otb 
battery ;  even  Danicll's,  the  most  constajit  of  alt,  and  as  various 
modified,  requires  replenishing  or  cleaning  every  few  months,  else 
goes  down  to  nothing. 

Its  disadvantages  are  these  : 

isL  It  rapidly /i7/3rjr«,  and  so  generates  a  secondary  current  til 
weakens  the  main  current.  This  polarization  only  takes  place  wtt 
the  battery  is  in  aaion  ;  if,  therefore,  the  battery  h  but  Little  uscdi 
only  occaiuonally,  this  disadvantage  does  not  appear. 

ad.  The  free  ammonia  that  escapes  after  the  water  becomes  sa1 
rated  is  annoying. 

On  account  of  these  disadvantages,  Leclanch^'s  batter)' has  notbfl 
as  popular  among  telegraphers  as  was  at  x>ne  time  expected  it  would  t 
Among  Furopcan  electro- dicrapcutists,  however,  it  is  considerably  use 
It  is  sometimes  employed  in  electio-inagnetic  or  induction  macliines. 

Caliatis  Iron-sine  Bailfry. — In  this  battery  the  positive  plate , 
xinc  in  dilute  sulphuric  acid;  the  negative  pUtc  is  iron  in  siroi 
nitric  acid.  The  great  practical  difficulty  with  this  battery  is,  th 
imder  certain  conditions  it  may  suddenly  and  rapidly  evolve  nitro 
fumes.  This  complaint  has  been  made  even  by  those  who  have  adopii 
this  form  of  battery  in  electro- surjjical  practice.  The  common  cxplan 
lion  that  the  phenomena  displayed  by  this  battery  are  due  to  the  pi 
sivity  of  iron,  is  not  in  accordance  with  the  more  recent  doctrines  i 
physics.  Tliis  fact  is  a  serious  objection  to  the  use  of  these  battcri 
In  electro-therapeutics.  They  have  been  employed,  however,  for  ti 
purpose  of  galvano-cauterj. 

Woiiasf&rfs  Zint'topper  Batttry. — ^This  form  of  battery,  devised  1 
Wollaston  in  i8ot,  is  now  pretty  well  displaced  by  modem  improv 
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meDts.  It  consists  of  a  copper  vessel,  enclosing  a  solution  of  sulphate 
of  copper,  a  zinc  plate,  or  a  sheet  of  copper  folded  over  a  piece  of 
nnc  so  as  to  have  beih  faces  of  the  zinc  exposed  10  chemical  action, 
and  so  increase  the  quantity  of  electricity.     The  tvo  objections  to  the 

«ery  arc,  that  it  is  not  constant,  and  the  n>clals  must  be  kept  out  of 
'tfie  soluiion  except  when  in  actual  use,  and  that  the  zinc  becomei 
rapidly  corroded  vith  a  deposition  that  weakens  the  force  of  the  bat- 
tery. Ttiis  deposition  must  be  constantly  cleared  and  scraped  ofi^  if 
wc  would  keep  up  the  strength  of  the  current. 

The  order  of  the  [>arts  in  the  sulphate  of  copper  battery,  ungle  cell, 
is  as  follows ;  ist,  zinc ;  sd^  sulphate  of  cupper ;  3d,  copper. 

Reaction. 
Za  -f  Cu  SO«  1=  Zd  S04  -f  Cu 

In  this  battery  any  local  action  on  the  zinc  will  deposit  metallic 
copper  in  tlie  form  of  a  black  gxiwder  upon  the  zinc,  or  an  oxide  of 
C0|>per,  which  forms  a  covering  on  the  surface  of  the  zinc 

For  this  reason  the  zinc  must  be  amalgamated  or  else  frequently 
cleaned.  Sulphate  of  copper  rau:>t  be  frequently  added,  so  tJiat  the 
battery  sJiall  be  charged  with  a  saturated  solution  of  that  salt  ;  but  care 
must  be  taken  that  the  solution  of  sulphate  of  zinc  does  not  approach 
saturation. 

The  necessity  of  frequently  cleaning  and  scraping  the  zinc  In  this 
battery  is  a  most  serious  disadvantage,  and  on  that  account  mainly  it  is 
not  to  be  recommended  to  the  electro-therapeutist. 

WaUr  Batttry. — If  a  large  number  of  cylinders  of  zinc  and  copper 
be  immersed  in  inralcr  in  glass  jars,  and  are  properly  protected  from 
light  and  dust,  a  current  of  electricity  will  be  produced.  A  battery 
of  130  pairs  causes  the  gold  leaves  of  the  electroscope  to  diverge,  and 
1,200  pairs  gives  a  strong  shock.  A  battery  of  2,000  or  3,000  pairs  is 
very  powerful.  Batteries  of  this  kind  have  been  constructed  by  Crosse, 
Koad,  and  GasbioL 

These  »-atcr  batteries  will  keep  their  power  for  years,  provided  water 

supplied  to  them  to  make  up  for  the  loss  fmm  evajioraiion.  They 
''take  up  a  large  5|>ace,  and,  on  account  of  the  great  resistance  of  the 
water,  give  but  a  smatl  quantity  of  eUetrictty.  For  these  two  reasons 
Ihcy  offer  no  ad^'antagc  for  medical  use. 

Marine  Batitry.~-K  sca-watcr  or  marine  battery  has  been  constructed 
by  Duchemin,  of  France.  A  cylinder  of  carbon  and  zinc,  attached 
10  a  cork,  is  put  mto  the  sea,  and  connected  with  the  shore  by  con- 
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ducting  wires.  As  the  oceiui  fuiatshes  Uie  exciting  Quid,  it  needs  1 
repknisluig.  It  was  hoped  that  a  battery  of  this  kind  might  be  I 
sufficient  strength  to  furnish  an  electric  light  (or  light-bouse*.  11 
hope,  so  Oir  as  we  knour,  has  not  been  realized. 

Dry  Pile. — Dry  piles  have,  instead  of  liquids,  some  solid  hygromen 
substances^  as  paper  or  leather.  There  are  many  varieties  of  d 
piles.  Those  of  Zamboat,  which  are  best  known,  are  composed  i 
tin  or  silver  and  binoxide  of  manganese.  A  piece  of  paper  is  tinni 
or  silvered  on  one  side,  and  the  other  side  is  covered  with  powdcrt 
binoxide  of  manganese.  These  sheets  are  cut  into  disks,  about  oi 
inch  in  diameter,  and  arranged  so  that  tlie  tin  or  silver  of  each  disk 
in  contact  with  [he  manganese  of  the  next  in  the  series.  A  Zambo 
pile  of  300  couples  is  very  feeble  and  slow  in  its  ftccion,  but  it  CI 
charge  a  Leyden  jar,  and  it  is  quite  permanent 

Instruments  for  Measuring  EUetriciiy. — The  instruments  for  me 
suring  electricity  arc  quite  numerous,  and  some  of  them  arc  ve 
delicate.  It  is  necessary  here  to  describe  only  a  sufficient  number  t 
illustrate  the  principles  involved. 

Tht  Voltameter.— 'We  voltameter  is  an  instrument  devised  by  Far 
day  to  measure  the  strength  of  the  galvanic  current.     It  is  a  graduaK 
tube  that  receives  and  accurately  measures  the  quantity  of  gas  that 
generated  by  the  decomposition  of  water  by  the  current  in  a  give 
lime. 

In  Fig.  19  the  platinum  needles  connected  with  the  poles  of  the  bi 
tery  are  inserted  through  the  cork,  at  the  end  of  the  tube.  The  gas« 
that  result  from  the  electrolysis  rise  to  tlie  top,  as  tile  tube  is  held  u| 
right,  and  repel  the  water  through  a  hole  in  the  cork. 
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Thb  is  a  very  trustworthy  method  of  measiiring  currents  and  o 
comparing  batteries.  If  we  wish  to  ascertain  how  one  battcrj-  con 
pares  with  another  in  strength,  or  whether  a  battery  has  weakened  h 
use  or  long  standing,  or  whether  the  suength  is  sufficient  for  a  powe 
ful  electrolytic  operation,  the  voltameter  will  give  us  precisely  the  infoi 
mation  we  seek. 

Galvanometers. — A  galvanometer  is  an  instrument  for  indicating  th 
presence  and  direction  of  a  current,  and  for  measuring  its  suengti 
'ITicrc  arc  scverU  varieties  of  galvanometers,  but  all  are  constructed  o; 
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diesame  general  principle— a  tnagnet  freely  hung  so  as  to  be  defiteied  *j 
th£  passage  of  a  current  through  a  coil  of  insulated  wire.  Galvanom 
etcrs  wilh  a  long  coil — suniL'times  called  "iemion"  galvanonielcrs — 
arc  used  to  measure  ciicuils  of  large  rcsislancc.  fJalvanoinelers  with  a 
short  coil — aometiiaes  called  "quantity"  gaJvanometerii — are  used  to 
measure  circuits  of  small  resistance.  The  explanation  of  this  difference 
vill  appear  in  the  chapter  on  Ohm's  Law. 
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Astatie  Galvanameter. — This  form  of  galvanometer  is  used  either  to 
detect  the  simple  presence  of  a  current,  or  to  measure  the  strength  of  a 
VKok  curienl.  Let  A  and  B,  Fig.  zo,  represent  two  needles  of  about 
equal  strength,  having  the  same  axis,  and  having  their  poles  reversed 
m  reference  to  each  other.  The  needles  will  settle  a  very  little  in  the 
meridian,  from  the  fact  that  one  of  them  is  very  islightly  more  highly 
magnetized  than  the  other. 

C  is  an  iosulatcd  wire,  bent  around  the  lower  needle  several  times. 
VMien  a  current  is  passed  through  thi»  wire,  the  needles  will  be  influ- 
enced  to  tarn  in  the  same  direction.  In  this  way  the  passage  ot  the 
most  feeble  current  may  be  detected.  In  connection  with  a  thermo- 
electric pile,  thLt  instrument  is  capable  of  indicating  a  change  of  tem- 
perature of  only  a  very  small  fraction  of  a  degree.  Galvanometers 
which  have  a  long  resistance  coil,  and  in  which  a  branch  resistance  coil, 
or  "  shunt,"  as  U  is  called,  is  interposed,  may  be  used  to  mea&ure 
itreng  currents  (see  chapter  on  Ohm's  Lan),  and  are  iheiefore  con- 
venient in  comparing  bntterles.  A  galvanometer  of  this  kind  that  we 
employ  will  be  described  under  electro-therapeutics. 

Thcmson's  Refitcting  Galvanometer. — Sir  Willimi  Thomson  has  done 
much  to  advance  the  science  of  electrology  by  the  consinictioa  of 
his  reflecting  or  mirror  galvanometer,  which  will  indicate  the  presence 
of  very  slight  currents.  This  instiiuuent  cousiiits  of  die  coils  of  a  gal* 
Tanameler,  between  which  arc  suspended,  by  a  single  silk  fibre,  a 
mirrot  and  magnet,  which,  when  it  moves  under  the  influence  of  a  cur- 
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reat,  is  redeclei  tliroiigb  a.  lens  on  a  graduated  seal:  placed  At  a  1illl« 
distance  in  front  of  it.  A  lajnp  is  placed  behind  the  screen,  which 
contains  a  slit,  through  which  the  light  passes  to  the  mirror,  from 
which  it  is  reflected  back  on  the  gtaduaicd  scale.  When  the  magnet 
is  dcltected  by  the  passiige  o(  a  current  through  the  coil,  the  image 
moves  to  the  right  or  left  along  the  scale,  the  angle  nwdc  by  the  re- 
flected image  being  twice  the  an^le  through  which  the  mirror  and 
magnet  arc  (ictk*c  ted.  A  very  small  defit<tion  of  the  magnet  pre- 
duets  a  very  great  dhfilacement  of  the  rejfeeted  image  on  the  screen,  and 
thus  a  very  slight  current  con  be  delected. 

This  instrument,  as  that  of  Wiedmann,  of  Gennany,  is  much  used 
in  delicate  electro- physiological  researdies. 

JiheestaUi;  Instruments  far  Measuring  Resistance. — The  rheostat, 
an  instrument  invented  by  \^1lcat»tone,  was  OTigin.illy  designed  to 
ascertain  the  relative  amount  of  resistance  of  different  conductors.  In. 
electro-therapeutics  it  is  emjktoyed  to  interpose  resistances  In  the  circuit, 
eta,  so  as  lo  delicately  modify  the  strength  of  the  current  within  small 
fractions  of  the  strength  of  an  elejnent. 

Id  electro- physiological  investigations,  as  also  in  certain  branches  of 
electro-therapeutics — particuUrly  in  applications  to  the  ear — rheostates 
have  been  used.  The  form  employed  by  IJrenner  and  others,  and  also 
the  water  rheostat,  will  be  doscribed  tn  electro  thcrapeuli^rs. 

Early  J/isIory  of  Gaivanism. — In  the  year  1 786,  while  Galvani,  Pro- 
fessor at  Bologna,  was  experimenting  with  an  old-fashioned  electrical 
machiiie  that  lay  near  a  di^h  of  frogs  chat  hud  been  prepared,  it  is 
stated,  fur  his  gick  wife,  he  noticed  that  the  frogs  jumjicd  whenever  a 
spark  was  drawn  from  the  conductor  of  the  machine.  On  observing 
this,  it  occurred  to  him  that  perhaps  he  had  found  a  means  of  detect- 
ing atmospheric  electricity  more  delicate  than  he  had  previously  em- 
ployed. In  order  to  test  this,  Galvani  took  the  di&l)  of  frogs,  and,  with 
his  nei^fhbor  Caiiiillo,  went  out  on  the  terrace  of  his  house.*  ]t  was 
a  clear  evening  in  the  early  part  of  September,  and  no  marked  dec* 
trie  phenomena  were  apparent  in  the  air.  Fixing  an  iron  hook  in  the 
spine  of  each  frog,  he  suspended  it  from  the  iron  raiting. 

Beheld  spontaneous  movements  appeared  in  the  frogs,  various  im 
their  e/iarader  and  ^uite  frequent  t 

That  moment  was  the  birth  of  the  science  of  Galvanism.  At  once 
there  flashed  on  the  mind  of  Galvani  the  query,  IVhat  causes  these  ton' 


*  At  No.  96,  in  Sliatio  S.  Feticv,  Bulogta,  tbe  liousc  wlicrc  Galviuii  lived,  with 
lenace  anil  railing*,  It  (till  ihOM-a  lo  ItavcLIcts. 
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trattmu  t  Tbere  were  no  electric  disturbances  in  the  air ;  the  electric 
nucfame  was  far  away  inside  the  house.  Could  there  be  electricity  in  the 
frogs  themselves  ?  lu  the  history  of  science  tt  often  happens  that  a 
theory  partly  false  guides  us  into  facts  that  are  wholly  true.  Thus  it 
happened  to  Galvuu. 

From  that  uiomeDt  until  he  died,  he  lived  in  an  atmosphere  of  ex- 
peiinienL  Frogs  without  number  were  slaughtered,  and  all  for  the 
poryose  of  prox'ing  to  hiinsclf  and  Others  that  it  was  animal  eUetrieify 
that  caused  iliese  contractions. 

Galvani's  researches,  as  soon  as  they  were  made  public,  in  1791,  ex< 


dted  great  iateresi  among  scicnlific  men,  and  inspired  him  to  make 
another  attempt  to  master  the  mysteries  of  electricity.  At  the  time 
when  Galvani  made  his  discover)*,  the  interest  excited  by  the  discovery 
of  the  I-cydcn  jar  and  Franklin's  kite,  about  forty  years  previously, 
hod  died  out  l^ilosophers  bad  followed  the  vein  thus  opened,  about 
as  lar  as  it  seemed  to  lead  They  supposed  that  the  battles  of  ele^ 
tricity  were  all  fought  out,  and  so  they  were  laying  aside  their  armor. 
On  the  announcement  of  Galvani'a  discovery,  his  experiments  were  re- 
peatcd  all  over  Europe,  and  the  theory  that  die  contractions  of  the  ma»- 
rles  of  the  (rog  were  due  to  animal  declncity  was  universally  adopted. 
Vatt^t  Rtitarchet :  Tht  Theery  of  Contact  and  Chemifol  Acticn.—' 
iViuong  those  who  were  stimulated  by  the  discovery  of  Galvani,  wai 
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Volu,  Professor  of  Physics  in  Favia,  luly,  who  had  already  been  long 
distiiiguished  sis  an  electrical  cxpcriiucater,  and  who,  in  the  koowledge 
of  this  special  branch,  was  far  superior  to  Galvani. 

At  hrst  \'oUa  accepted  Galvani's  tlicory  of  animal  eUcirieity,  but 
subsequent  icscarch  caused  him  to  doubt  its  truth.  He  observed  that 
it  was  only  by  means  of  heterogeneous  tuetals  that  muscular  contractions 
could  invariabiy  be  produced,  and  hence  he  denied  the  existence  of 
animal  clcctricily,  explainicg  the  phenoinenoa  of  muscular  contractions 
through  (he  intlucnce  of  the  aru^cial  clccthcjq'  excited  by  a  beteroge' 
Dcuus  metallic  C0'inbina*ion.* 

Galvani  then  not  only  demonstrated  that  contractions  could  readily 
be  caused  by  exactly  homogeneous  metals,  but  that  the  phenomenon 
was  produced  by  the  simple  contact  of  nerve  and  muscle.  His  manner 
of  experimenting  was  as  follows :  The  leg  of  a  frog,  denuded  of  its  skin, 
had  its  sciatic  nerves  cut  at  their  exit  from  the  vencbral  column.  The 
nerves  thus  denuded  were  taken  gently  up  by  some  non-conductor  and 
made  to  it>uch  one  of  the  muscles,  when  the  leg  would  immediately 
become  convulsed.  Volta  eudeavorcd  to  prove  that  the  concussion 
caused  by  the  contact  of  ncr\'c  and  muscle  was  the  caiisc  of  the  electric 
current  thus  produced  ;  but  Galvani  conclusively  demonstrated  tliat  such 
could  not  be  the  case,  by  placing  a  non-conductor  between  the  two  n%- 
sues,  when  no  action  could  be  excited  in  the  leg.  He  went  further, 
and  at  last  succeeded  in  producing  muscular  contractions  when  only  the 
oeivei  of  DOD-prepared  legs  were  brought  in  contact. 

The  discovery  of  the  Voltaic  pile,  which  excited  great  interest  in 
men  of  science,  seemed  to  decide  the  battle  for  Volta,  and  all  the 
efforts  of  Galvani  to  convince  philosophers  of  the  existence  of  animal 
electncity  were  in  vain.  Galvani's  first  observations  on  frogs  dates  back 
as  far  is  tySo.     He  lirst  published  his  researches  in  1791. 

Volta  did  not  undertake  the  investigation  of  the  subject  until  1793, 
the  year  following  the  publication  of  the  researches  of  Galvani.  And 
yet  Volta  has  almost  equal  claim  to  be  the  founder  of  the  science  of 
galvanism ;  for  while  Galvani  discovered  the  new  manifestation  of 
electricity,  he  failed  to  comprehend  its  true  value,  while  Volta,  by  the 
discovery  of  the  pile  which  bears  his  name,  demonstrated  what  Galvani 
would  never  believe,  but  which  Prof.  Fabroni,  of  Florence,  had  in  1793 
!iug);cstcd,  that  chemical  action  was  the  source  of  the  electricity  in  Gal- 
vani's experiments. 


*  The  ttKor7  llut  the  eiperiiDcnt  of  tfalTsni  could  be  cxpUiaed  by  cbemual  Ktiua 
wu  Gnt  ntQjntcd  by  Ttoi.  Fabroni,  ofFlorcDce,  \a  1792. 
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EtECTROL^'Sls,  derived  from  ^iMerpm  and  Xvm,  through  Xvirn,  diseii' 
Ifagitig,  h  the  act  er  process  of  dteomposing  a  comfound  subslante  by 
tttetriciiy. 

Eleciro-chemicul  dccomposirion  ukes  place  at  bnth  potcs,  hiil  with 
different  products  and  manifestaiions  according  to  the  strength  of  the 
current,  the  nature  of  the  siibsunces  acted  upon,  and  the  material  of 
which  the  electrodes  are  composed. 

History  of  Eitclrolysts. — ^The  chemical  effects  of  statical  eUetricUy 
verc  first  investigated  by  Drs.  Priestley  and  Cavendish,  in  1784.  Tiie 
decomposition  of  warer  by  passing  through  it  a  succession  of  discharges 
of  statical  electricity  was  first  discovered,  in  1789,  liy  Messrs.  Dicnian, 
Paeo,  Van  Troostwyck,  and  Culhbertson.  The  power  of  the  gahatiie 
current  to  decompose  water  was  discovered  and  first  described  by 
AfeSivrs.  Nicholson  and  Carlisle,  in  1800.  They  experimented  with  the 
voltaic  pile,  which  had  then  just  been  discovered.  These  ex|>erimenl8 
en  ilao  decomposed  other  substances  by  the  galvanic  currcni.  On 
Nov.  ao,  1806,  Sir  Humphry  Davy  presented  to  the  Ro)tiI  Societj-  a 
lectore  *'  On  some  Chemical  Agencies  of  Klectricity,"  and  in  the  fol- 
lowing year  he  announced  his  discovery  of  the  decomposition  of  tbe 
filed  alkalies.  Between  1831  and  1840  Faraday  published  his  "  £x- 
fcrimrntoi  Rtsearchts  in  J&Uctricity"  in  one  of  the  most  rcniaj-kable 
scries  of  scientific  essays  that  ever  proceeded  from  the  pen  of  man. 

Terminahj^  of  EUetrclysis. — With  the  aid  of*  two  friends,  Faraday 
prepared  the  following  terminology  of  electrolysis,  which  is  now  gener- 
■Uy  adopted.  The  poles  where  the  electricity  passes  in  and  out  of  the 
body  Uiat  is  undergoing  decompositioa  are  called  eUetrodts  {ri^init^wt 
umJ  i&ie.  way).  Tbe  surface  wljere  the  current  enters  the  dccompoj* 
'\x\%  body  is  called  the  anode  (&a,  upward,  and  0^,  way) ;  the  surface 
where  the  current  leaves  the  decomposing  body  is  colled  the  cathode 
(•ara,  downward,  and  i&It,  way).  The  anode  is  in  contact  with  tiio 
ftoiitirf  pole  and  the  cathode  with  the  negative. 
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Practically,  anode  is  used  as  synonymous  with  positive  pole,  i 
cathode  with  negative,  although,  strictly  speaking,  anode  and  citht 
refer  to  the  foinis  of  the  decomposing  body,  and  positive  and  negat 
to  ^K poUs  cf  the  battery  that  arc  in  contact  with  these. 

Conipnund  »ib!>tanccii  that  are  directly  decomposable  by  the  ctirrt 
are  called  eUelrclytes  (^^^CT-pov,  and  Xwi»,  decompose).  To  eleetrol^ 
a  body  is  to  chetnicatly  decompose  it  by  the  cnrrent.  The  act  of  p 
ducing  electrolysis  is  called  electrolysation. 

The  elements  of  an  electrolyte  arc  Icriucd  i^ns,  (cUi'.  participle 
the  verb  ii^i,  to  go).  Those  ions  that  ap[je.^r  at  the  an^de  are  tenr 
anions,  those  which  appear  at  the  cathode  are  tenned  cations.  F 
nicrly  anions  were  termed  electronegative,  and  cations  the  electro-pc 
live  elements  of  the  compound.  Water,  for  example,  ia  an  electro); 
that  evolves  nvo  tons — oxygen  and  hydrogen  ;  oxygen  goes  to  l 
anode  and  is  the  anion ;  hydrogen  goes  to  the  cathode  and  is  ) 
cation. 

No  substance  can  be  an  electrolyte  which  is  not  a  conductor  ;  1 
in  the  readiness  with  which  they  are  decomposed  substances  widi 
vary.  Every  electrolyte  must  contain  more  or  less  of  water.  Pi 
water,  though  an  electrolyte,  is  yet  decomposed  only  with  great  di 
cidty  ;  hilt  by  adding  to  ii  a  little  sulphuric  acid,  or  certain  salts,  it  v» 
easily  undergoes  electrolysis.  It  is  furthermore  believed  that  no  tli 
can  be  a  conrlucfor  wilhoot  also  being  an  electrolyte;  that  is,  more 
less  eleclro-cheuiical  tircomposttion  cntist  take  place  when  the  gatvai 
current  passes  through  any  fluid.  Substances  that  are  found  to  be  rca 
clectrolyles  are  chloride  of  sodium,  muriatic  acid,  and  iodide  of  pot 
sium. 

Laws  cf  Electrolysis. — Although  electrolysis,  like  all  other  pi 
nomena  connected  with  atomic  changes,  is  but  imperfectly  understo< 
yet  some  of  the  general  laws  of  its  operation  have  been  already  w 
ascertained. 

Among  the  more  important  of  these  laws  the  following  may  be  eq 
mcrated :  1 

1.  Definite  RUctro-ehrmieal  Aetian. — It  has  been  fonnd  that  wTi 
several  substances  are  simultaneously  decomposed  fay  the  current,  I 
elements  that  are  evolved  are  definite  in  quantity  and  are  electi 
chemical  equivalents  of  each  other.  This  law,  which  was  discovered 
Faraday,  may  be  thus  illustrated.  Let  the  current  be  sent  successive 
through  a  series  of  cells  filled  with  oxide  of  lead,  chloride  of  lead,  w 
chloride  of  silver.  The  different  substances  would  combine  in  the  fi 
lowing  proportions : 


LAWS  OF  ELECTROLYSIS. 
Al  the  Positive  Pole. 

Water. 8  grs.  oxygen. 

Oxide  of  lead 8 

Chloride  of  lead . . .  35.5  grs.  chlorine. 

Iodide  of  lead 127  grs.  iodiae. 

Chloride  of  silver. .  55.5  grs.  chlorine^ 
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At  the  Ntcftthe  Pole 
I  gr.  hydiogeo. 
i»3-5  grs.  lead 

103.5       " 

J03S       " 
loS  grs.  silver. 


I 

I 
I 

I 


I liese  numbers,  it  will  be  seen,  represent  the  combining  proportion! 
of  these  substances. 

Substances  combine  in  equivalent  proportions  j  they  are  decomposed 
UQ  the  same  equivalent  proportions, 

».  Primary  and  S^eondary  R<tuUs. — The  rcsultsof  electrolytic  action 
are  distinguL-ihed  zs.  primary  and  seeondary.  The  results  are  called /rr- 
wiaty  when  the  elements  that  are  decomposed  appear  at  tlie  electrodes 
uarhanged  atvd  uncombtned ;  the  results  are  called  SdPndary  when 
thf  elements  that  are  decomposed  are  changed  or  recombincd  when  they 
apjjcar  at  the  electrodes.  The  secondary  results  arc  favored  i>y  the 
nascent  condition  of  the  elements  that  are  decomposed.  The  secondary 
results  are  caused  by  the  action  of  the  decomposed  elements  on  the  sub* 
ttaoce  of  the  electrode,  or  ort  the  substance  itself  that  is  undergoing 
deccKn position.  Even  the  decomposition  of  water,  when  diluted  with  suJ- 
phuric  acid,  is  really  a  secondary  result.  Perfectly  pure  distilled  watet 
does  not  perceptibly  decompose  even  under  quite  a  strong  current.  If  a 
few  drops  of  sulphuric  gases  are  added,  the  acids  are  freely  disengaged. 
The  sulphuric  acid  H,SO,»is  disengaged  by  the  current  into  H,  at  the 
negative  and  SO,  at  the  i>ositive  pole  ;  the  former  H,  is  liberated, 
and  ihc  latter  SO,  at  the  positive  pole  aas  on  the  water  and  ftjrras 
sulphuric  acid  again.  Secondary  decomposition  is  modified  by  the 
material  of  which  each  electrode  is  composed.  Thus  in  decomposing 
sulphuric  acid,  when  the  positive  electrode  is  mad"*  of  carbon,  the  oxy- 
gen decomposed  acts  on  the  carbon,  forming  carbonic  acid  and  carbonic 
oxide.  Elcctro-rhcmical  action  coptinucdfor  weeks,  months,  and  years, 
as  was  done  by  thai  very  laborious  exjMrrimenter,  Mr.  Crosse,  of  Broom- 
field,  may  produce  as  secondary  residis  interesting  minerals,  such  as 
quartjc,  arragonite,  malachite.  During  these  experiments  in  electro- 
cry  stall  t  ration  Mr.  Crosse  discovered  that  remarkable  insect,  the 
ararus,  which  appeared  in  cleclrized  solutions  of  sulphate  of  iron, 
solphate  of  zinc,  and  nitrate  and  sulphate  of  copper.  It  was  supposed 
tha.t  the  acari  arose  firura  ova  deposited  by  insects  floating  in  the  at* 
niosphere,  and  that  Uicy  mi^ht  possibly  be  haichc<I  by  electric  action. 
A*  ft  reward  for  this  discover}-,  which  now  seems  to  be  almost  forgotten. 
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Mr.  Crosse  was  subjected  to  absurd  and  outrageous  abuse,  a<  thougl 
he  were  infringing  on  the  prerogatives  of  the  Creator.  Mr.  VVcckcs,  of 
Sandwich,  in  Kent,  subsequently  repeated  the  experiments  of  Crosse  by 
passing  electrical  currents  duomgh  &ilicale  of  [)ota<<h  in  glass  receivers 
over  mercury.  All  possible  care  was  taken  to  keep  out  foreign  matter. 
After  a  consLint  aclion  pf  a  year,  insects  appeared,  entirely  siniilar  to 
tliosc  obtained  by  Mr.  Crosse,  The  metallic  deposits  in  electro -metal- 
lizing are  the  secondary  results  of  the  electro-chemical  decomposition. 
Water  i&  electrolysed,  hydrogen  is  disengaged  at  the  catliodc,  and  oxy- 
gen at  the  anode ;  but  the  hydrogen,  reacts  on  the  metallic  solution, 
combines  witii  its  oxygen,  and  frees  the  metal.  The  oxygen  also  cotn- 
bineswith  an  elenienit  at  the  anode.  In  the^section  on  Electro-Surgery 
it  will  be  found  that  the  secondary  decomposition  ia  utilized  in  the  selec- 
tion of  the  materi.il  used  for  needles  in  galvano- puncture, 

3.  Tlis  Differential  A  ctwn  of  the  Poles. — Different  elements  go  to  the 
anode  and  the  cathode,  according  to  the  nature  of  the  substance  dc* 
composed  and  ttie  miienal  of  which  the  electrode  is  made. 

PtatinuM-tvire  makes  the  best  electrode  for  electrolytic  experiments 
on  various  substances,  because  platinum  is  not  acted  on.  Copper  and 
silver  wire  may  be  used,  but  the  secondary  action  which  they  cause 
greatly  complicites  the  experiment. 

To  distinguish  the  precise  character  of  the  changes  that  take  place  in 
the  electrolysis  of  many  substances  is  frequently  difficult,  and  sometimes 
impossible.  It  is  difficult  to  decide  whether  any  of  the  elements  of  the 
electrolyte,  besides  water,  undergo  decomposition  ;  and  whether  the 
changes  are  of  a  primarj*  or  secondary  character. 

Among  the  substances  that  are  most  readily  decomposed  by  the  t^cc^ 
trie  current  are  the  following  : 

Iodide  0/ Potassium. — ^This  decomposes  under  a  very  feeble  current, 
the  iodiile  and  oxygen  going  to  the  positive  and  the  hydrogen  and  al- 
kali to  the  negative.  Thus  tiie  decomposition  of  iodide  of  (Kjlassiura 
by  electricity  affords  a  very  good  means  of  distinguishing  the  poles. 
The  brown  color  of  the  iodine  alw-iys  appears  at  the  positive  pole.  The 
whole  solution  soon  presents  the  color  of  iodine. 

Oilpride  of  Sodium. — A  solution  of  common  salt  decomposes  quite 

readily,  chlorine  appearing  at  the  positive  and  hydrogen  and  oxide  of 

wdium  at  die  negative  pole.     If  the  positive  needle  is  platinum,  the 

Hor  of  chlorine  is  at  once  delected;  if  it  is  of  copper,  the  chlorine 

ites  with  the  copper,  making  the  solution  turbid. 

Acetate  0f  Lead. — This  salt  in  solution  decomposes  with  coroparaliva 
nw^s  by  secondary  action,  peroxide  of  lead  appearing  at  the  posi- 
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dre  pole,  and  hanging  from  it  in  light  threads  or  masses.    The  iratet 
OequcDtly  decomposes  before  the  tead  yiuhls  at  all 

iVoiiiiis  trisSings. — It  is  by  the  electrolysis  of  lead  that  the  beau- 
tiful iris-rings  are  produced.  A  polislied  steel  plate  is  put  in  a  dilute 
solution  of  acetate  of  lead.  Tlie  steel  plate  is  connected  wiih  ihe 
positive  pole  of  a  galvanic  baiieiy,  while  a  wire,  connected  with  the 
negative  pole,  is  put  in  the  solution.  Peroxide  of  lead  is  at  once  libe- 
rated on  the  slccl  beneath  the  wire,  and  a  film  extends  outward,  but 
growing  thinner  aud  thinner.  *i'hus  a  scries  of  concentric  circles  is 
fbnned  exhibiting  bn'ght  iris  colors. 

NUrie  AiU.— Strong  nitric  acid  con<lucts  well  anil  decom|K>ses,  oxy- 
gen appearing  at  the  positive  pole,  nitrons  acid  and  nitric  oxyd  at  the 
negative  pole.    Dissolution  lakes  place,  and  the  water  becomes  yellow. 

Nitrate  of  Potash.— "XM^'^  a  good  conductor,  and  yields  secondaiy 
results. 

Sulphurous  Acid. — This,  when  diluted,  yields  oxygen  at  the  positive 
pole,  and  hydrogen  and  sulphur  at  the  negative. 

Sulfhurie  >4rrrf.— This  yields  siilphnr  at  the  negative  pole,  and  pio- 
duces  secondary  results. 

Munatif  Atxd. — A  strong  solution  of  this  yields  hydrogen  at  the 
negative  |X)le,  and  chlorine  at  the  positive  ix)le. 

EUflro-mttallurgy. — Electro-metallurgy,  or  the  art  of  precipitating 
metals  from  their  solutions  by  the  galvanic  current,  is  a  result  of  the 
discovery  of  electrolysis  —is  indeed  itself  simply  an  electrolytic  pro- 
cess. There  arc  two  divisions  of  this  art — elecuolyping  and  electro- 
plating. The  ait  of  electro -metallurgy  was  discovered,  independently, 
by  %)«Dcer,  in  England,  and  Jacobi,  in  Petersburg,  in  1837.  Electro- 
gildiny  was  discovered  by  Drtignatelli,  a  pupil  of  Volta,  bot  was  first 
used  by  AL  de  la  Rive. 

Theory  oj  EUctrotysis. — The  theory  of  electrolysis  at  present  accepted 
is  the  following:  In  every  compound  one  of  the  elements  is  electro 
positive,  the  other,  electronegative.  Under  the  influence  of  the 
ojiposing  electricities  from  the  electrodes,  decomposition  and  recompo* 
sition  go  on  from  one  pole  to  the  other.  But  these  decompositions  and 
recompositions  are  seen  only  at  Ike  eUitradiS. 

This  may  be  illustrated  by  the  electrolysis  of  water.  Water  is  com- 
posed of  one  atom  of  oxygen  and  two  atoms  of  hydrogen.  Oxygen  is 
cicctro-negaitive  and  hydrogen  is  electro-positive. 

When,  now,  tlie  electrodes  are  dipped  in  water,  the  eIccfro.negative 
oxygen  of  the  molecule  tt  {Fig.  32]  is  attracted  to  the  positive  polCj  and 
the  clectpo-negative  hydrogen  is  repelled. 


so 
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The  oxygCD  is  then  given  off  at  the  posidve  pole,  while  the  libera 
hydrogen  unites  itself  vith  the  next  atom  of  oxj^en  of  the  mole< 

6,  whQe  the  original  atom  of 
drngen  is  expened. 

This  atom  of  hj-drogen  un 

with  the  oi>-gen  of  the  raolec 

drives  out  the  hydrogen  < 

'""^  =■  which  that  atom  had  been  ] 

viously   combined,  and  so  on  through  the  whole  scries  of  molec 

until  the  n^ative  pole  is  reached.     Here  the  hydrogen  has  lui  it 

oxygen  to  combine  with,  so  it  is  liberated  as  gas. 

'J'be  electrolysis  of  all  other  electrolytes  is  similarly  exj^ned.  1 
simple  and  ingenious  theory  was  devised  by  GrottbOss. 

Decomposed  Elements  appear  only  at  tkt  Eiectrod<s.-^\xk  electn^ 
the  elements  decomposed  appear  only  at  the  electrodes  ;  the  inter 
diate  region  (iresents  no  change,  although,  of  course,  it  must  be  t 
er&ed  by  ttie  decompositions  that  occur.  This  is  illustralcd  by 
followitig  exiteriment  of  Davy  :  Three  vessels  are  connected  by  a 
ton  wick  thorougtily  moistened.  In  one  vessel  is  placed  an  alkaline  I 
»nd  in  the  other  two,  water.  The  liquid  of  all  three  vessels  is  colt 
with  syrup  of  violets.  When  the  galvanic  current  is  made  to  pass  Ihn) 
the  vessels,  the  liquid  at  the  negative  pole  becomes  green,  and 
liquid  at  the  positive  Itecomes  reii,  demonstrating  that  the  acid  goa 
the  positive  and  the  alkaline  base  to  the  n^^tive  pole.  The  Sail 
the  middle  vessel  sufieie<l  do  change  of  color,  although  it  miut  fa 
been  traversed  by  the  acid  in  the  solution. 

Eleetrelytii  compared  tixilh  the  Rraeliont  in  the  Batteries. — It  w3 
observed  that  the  chemical  action  that  takes  place  in  the  Stiids  of 
battery  is  similar  to  eledrolpis.  The  two  are,  indeed,  facts  of  ' 
cisely  the  same  nature.  The  action  in  the  bauery  is  accompanied 
an  electric  current ;  the  action  in  electrolysis  occtus  as  a  result  of 
passage  of  a  current. 

In  the  section  on  Electro-Surgery  it  will  be  shown  that  all  these  i 
aical  laws  of  electrolj*3is  hav:  a  direct  and  necessary  bearing  on  the 
of  electrolysis  in  surgery. 


CHAPTER    V. 

INDUCED  BLKCTRICITY — CHRRHNTAMJ  MAGNETO- INDUCTION — ELECTRO- 
UAUNETISM — TllERMO-EI^ECTRIC   UATTRfclES. 


Induced Eiecfrieify,  or  £lecfro-Magnttism :  Elutrodynamital Induc- 
tion.— \Ve  hive  seen  that  inducticn  means  the  action  that  electrified 
bodies  exert  on  other  bodies  at  a  distance.  Elcctro-statical  induction 
bas  already  been  treated  of.  We  have  now  to  speak  of  the  induction 
of  current-electricity. 

Prof.  Oersted,  of  Copenhagen,  first  observed  that  the  electric  cur- 
rent, brought  near  a  aia^tnetic  needle,  caused  it  to  deflect.  This  was 
the  earliest  ohscrvaiion  in  c)ectro<magneti»in. 

Philosophers  at  once  set  themselves  at  work  to  explain  this  phenome* 
non.  The  discovery  was  not  an  accidental  one  on  the  part  of  Oersted. 
For  years  he  had  been  occupied  with  the  study  of  electro-phyacs,  and 
as  eatly  as  1S07  be  had  published  a  work  in  which  he  slated  tiiat  he 
purposed  to  ascertain  whether  electricity  in  its  rao&t  latent  state  had 
any  effect  on  the  magnet.  His  first  discovery  that  the  needle  had  a 
tendency  to  place  itself  at  right  angles  to  Ihe  wire  in  which  a  current  was 
passing,  was  a  natural  sequence  and  confirmation  of  his  early  researches. 
This  discovery  by  Oersted  formed  another  era  tn  tlie  science  of  elec- 
tricity; for  in  [Szo  tlie  enthusiasm  caused  by  the  discoveries  of  Galvani 
and  Volta  had  subsided,  just  as  the  entitusiaara  caused  by  the  Leyden 
jar  and  Franklin's  kite  bad  died  away  when  Galvani  made  his  renowned 
experiment. 

Ampir^s  TTuory  of  Magnttism. — Among  the  many  scientists  who 
sought  to  explain  and  unfold  the  phenomena  of  electro-magnetism  as 
discovered  by  Oersted,  it  was  reserved  for  Ampirc  to  achieve  the 
highest  success.  This  theory,  which  was  developed  by  rigid  matheraat- 
ical  demonstrations,  was,  that  lath  mokcuie  of  a  magneiic  body  is  trav- 
trsed  by  thsed  tUetric  currtnts.  These  currents  are  free  to  move 
about  their  centres  of  gravity,  but  the  eoerettivt  force,  which  is  weak  in 
uft  iron  bat  great  m  steel,  tends  to  keep  them  in  position. 
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Before  a  magnetic  body  is  magnetized  these  molecular  currents,  i 
rings  of  ekciiiciiy,  by  their  mutual  attraction  nctitmlize  each  othe 
so  chat  their  combined  action  on  any  other  substance  is  noiliing. 

WTieu  a  body  i»  magnetized,  these  mohatlar  currents  assume  a  para 
M  direction.  The  mote  complete  the  magnetization,  the  more  nearl 
parallel  they  become.  When  they  are  completely  parallel,  the  limit  c 
magnetization  is  reached.  Ampere  further  supposes  that  all  tliese  nv 
Iccular  currenls  are  equivalent  to  a  single  current  circulating  round  th 
magnet  Still  fiirther,  and  in  consonance  with  his  theory,  Ampere  suj 
posed  that  terrestrial  magnetic  effects  were  due  to  magnetic  curteni 
that  circulate  round  the  earth  from  east  to  west,  perpendicular  to  th 
magnetic  meridian.  The  resultant  of  these  currents  is  a  single  cui 
rent  going  from  east  to  west.  These  currents,  which  are  suppose 
to  be  due  to  the  action  of  the  sun,  deflect  magnetic  needles,  m3gn< 
tize  iron,  etc 

Hie  Electric  Current  acts  as  a  ^fagnei  :  Solenoids. — In  confiroM 
don  of  Amp^c's  theory  of  magnetism,  it  is  found  that  when  a  hc]i:c,  o 
spirals  of  covered  wire,  coated  in  such  a  way  ihat  one  of  the  wires  passe 
through  the  axis  (solenoid,  as  it  is  called},  is  suspended  into  cups  o 
mercHty,  and  traversed  by  a  current,  it  will  act  like  a  magnetic  needl 
and  point  from  north  to  Boulh.  Am]>ire  gave  the  fotlon-ing  rule  b 
which  ihe  directions  of  the  needle  under  the  current  can  be  undei 
stood  :  Let  the  observer  imagine  himself  placed  in  the  wire,  so  that  ; 
current  enters  at  his  feet  and  leaves  at  his  head,  while  his  face  is  tumei 
toward  the  needle;  the  pole  will  always  be  deflected  toward  the  lej 
of  the  observer. 

Helix.— \r\  a  helix  of  a  copper  wire  through  which  a  current  circu 
lates,  each  convelul'wn  of  the  spiral  vrOiy  be  regarded  as  one  of  die  littli 
magnets  of  Ampere's  theory.  The  ends  of  the  spiral,  when  the  ciirren 
passes  through  it,  act  on  a  magnetic  needle  hke  the  poles  of  a  magnet 
Ampere's  theory  explains  two  important  magnetic  phenomena. 

ist.  Why  tike  poles  repel  and  unlike  attract. 

Two  north  poles  of  a  magnet  side  by  side  have  opposite  cnr 
rents  and  repel  each  other.  Similarly  with  two  souch  poles.  But  I 
nortli  and  south  have  currents  in  the  same  direction  and  attract  eact 
other. 

2d.  Why  a  magnetic  needle  places  itself  north  and  south,  h 
magnet  can  come  to  rest  only  when  the  current  below  it,  nearest  the 
earth,  is  parallel  to  the  earth-current.  The  magnetic  needle  turns  to 
the  north  to  allow  the  currents  below  it  to  become  parallel  to  the  earth'i 
cttnent 
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Bitctr^magntiic  Helix. — Magnetism  is  indnced  in  a,  bar  of  soft  iron 
by  the  simple  passage  of  a  current  near  tt,  in  a  direction  at  right  angles 
to  the  bar.     If,  however,  the  vriru  (Fig.  33)  cndidcs  the  iron  many 
times,  this  effect  will  be  much  in- 
creased.    Let  a  cuirent  be  passed 
over  the  wire  in  the  direction  of  the 
arrows,  and  the  iron  within  will  be- 
come  strongly   magnetic,    with    its 
poles  as  shown  by  the  letters  S  and 
N,     If  the  enclosed  iron  be  not  too 
heavy,  it  will  be  drawn  to  the  centre 
and  held  suspended  there. 

When  the  current  is  broken,  the  iron  ceases  to  be  magnetic;  while, 
if  a  bar  of  hardened  sieel  be  substituted  Tor  the  iron,  it  will  reiaia  its 
magnetism  permanently.  Such  a  coil  of  wire  is  called  a  helix,  firom 
iX(^  a  winding,  and  a  magnet  formed  in  the  manner  described  is  tenned 
an  tUetro-magnel. 

Fig.  34  represents  the  general  fonu  of  an  electro-magnet.  It  is  com- 
posed of  a  bar  of  sod  iron,  bent  into  the 
form  of  a  horseshoe-  An  insulated  wire  is 
coiled  round  its  extremities.  \\'hcn  a  cur- 
rent of  electricity  ts  passed  through  the  coil, 
_4be  borseshoc-bar  becomes  magnetic,  and 
Itiacts  the  armature.  If  ilie  current  is 
)kcn,  the  bar  becomes  demagnetized  and 
^Ihe  armature  falU  to  the  ground.  Perma- 
nent magnets  possess  much  less  power  than 
electro- magnets. 

If  the  iron  bar  withiu  the  helix  be  more 
than  a  third  of  an  inch  in  thickness,  and  the 
LCurrent  be  of  moderate  strength,  the  mag- 
Etuuu    induced    is    in   proportion    to   the 
Mtength  of  the  current,  and  of  the  nnmber  of  turns  in  the  coil.     Ad- 
ditional  coils  of  the  wire  give  00  increased  magnetism,  if  the  bar  is 
^thinner  thao  onc-tliird  of  an   inch.     In  tliis  cose  maximum   is  soon 
reached.    Again,  if  the  circuit  is  made  very  long,  thus  reducing  the 
strength  of  the  current,  the  advantage  usually  gained  by  the  thick  bar, 
and  by  increasing  the  number  of  coils,  may  be  lost     The  iron  bar 
lid  be  perfectly  pure  and  well  annealed,  in  order  Chat   the  electro* 
'magnet  may  quickly  acquire  and  as  quickly  lose  its  iiia£;netisiu  on 
rlosing  and  breaking  ilie  circuiL 
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Direction  of  t/u  Indtu«d  Current. — If  a  current  of  electricity  is  passed 

through  any  conductor,  it  will  in* 
duce  a  current  in  the  opposite  dirce- 
tion  in  a  second  conductor  situated 
parallel  to  tJie  IJnit.  Let  A  B,  l-'ig. 
ttn-ay  35-  tie  a  wire  connected  at  either 

extremity  with  tlie  jjoIcs  of  a  gal- 
vanic battery,  and  M  N  a  second  wire  parallel  and  near  to  the  first. 
As  soon  as  the  circuit  is  formed  and  a  current  passes  from  -f  to  — ,  a 
■ccondary  current  is  induced  in  the  second  wire,  but  in  an  opposite 
direction. 

This  current  ts,  however,  but  for  an  instant.  As  soon  as  the  circuit 
^broken,  an  instantaneous  current,  with  its  direction  reversed,  is  again 
established  in  the  second  wire. 

Different  Orders  of  Induced  Currents. — Induced  or  secondary  cur- 
rents have  themselves  the  power  of  producing  induced  currents  in  other 
adjacent  circuits.  Currents  thus  induced  from  secondary  induced 
currents  are  called  tertiary  induced  currents.  These  tertiary  induced 
currents  have  also  the  power  of  producing  induced  airrents  in  an  ad- 
jacent circuit,  and  so  for  a  long  series. 

Currents  produced  in  this  way  are  in  apposite  directions  alternately, 
and  tlieir  strength  diminishes  Uie  higher  they  ascend. 

As  a  secondary  current  flows  in  a  direction  opposite  to  that  of  the 
battery  current,  so  the  tertiary  flows  in  a  direction  opposite  to  the 
secondary.  This  law  holds  good  througliout  the  whole  scries, — the 
strength  of  the  current  diiuinishitig  as  the  distance  from  the  battel; 
increases. 

The  ntanifestatioo  of  electrical  action  in  the  secondary  coil,  upon 
closing  and  breaking  the  circuit,  is  called  the  electric  throb,  while  the 
passive  condition  of  the  wire  while  under  induction  has  been  described 
by  Faraday  as  electro-tonic. 

Ifthc  primary  coil  be  movable,  sw  that  it  can  be  brought  in  closer 
proximity  to  the  secondary  coil  while  the  current  is  passing,  an  inverse 
current  is  produced  at  the  moment  of  its  approach,  the  same  as  when 
the  circuit  is  closed.  If  now  the  primary  coil  be  withdrawn,  a  direct 
current  is  produced,  tl^  same  as  when  the  circuit  is  broken.  As  long 
as  the  primary  coil  remains  in  one  posiiion,  all  evidence  of  electricity 
tn  the  secondary  wire  disappears.  If,  however,  while  in  this  position, 
the  strength  of  the  prim.'iry  current  be  increased  or  diminished,  mo- 
mcntary  ctirrcnts  are  established  in  the  secondary  coil ;  the  inverse 
following  the  baease,  and  the  direct  current  following  the  decrease  in 
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tbe  strength  of  die  primary  current  lo  ihus  exi>enmeDUng,  it  is  mudi 
more  convenient  to  wind  the  wires  on  separate  bobbins,  so  that  one 
may  be  placed  within  the  other,  as  represented  in  Fig.  36. 


Let  A  represent  the  primary  coit,  which  is  composed  of  wool-covered 
[Wire  y,  of  an  inch  in  diameter:  and  B  the  secundary  coil,  of  silk- 
.covered  wire,  much  longer  than  the  other,  and  about  ^^  of  an  inch  in 
diameter.  Now  let  the  secondary  coil  be  connected  with  the  galvan- 
ometer, G,  by  means  of  ihe  two  binding-screws,  while  the  primary  coil, 
by  two  loose  and  flexible  wires,  is  placed  in  the  circuit  of  a  galvanic 
celL  As  soon  as  A  is  inserted  into  B,  a  niotncntary  inverse  current  is 
indicated.  If  it  be  withdrawn,  the  galvanonieier  indicates  a  momcn- 
I  tary  direct  cumrnt.  While  the  primary  cotl  remains  in  Ihe  secondary, 
tbe  needle  announces  tbe  induction  of  currents  according  to  the  prin- 
ciples sutcd  above,  whenever  the  strcnglh  of  the  primary  current  is 
increased  or  diminished. 

TAf  CenJitions  under  whkh  Induction  takes  plaee.—To  sum  up  ir 
brief!  lodoction  ukes  place  from  one  circuit  into  an  adjacent  circuit, 
1st.  At  the  moment  when  tbe  current  is  closed,  ad,  The  moment 
when  Ihe  current  is  opened.  3d.  While  the  current  is  increasing  01 
diminiiJjing  in  strength.  4th.  While  the  current  is  l^rollghl  near  to  of 
removed  &om  the  adjacent  circuit    A  current  that  closes  or  tncreasei 
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in  strength,  or  is  hrought  near  to  an  adjacent  circuit,  induces  an  invers* 
momentary  current  in  that  circuit  A  current  that  opens  or  diminishes 
in  strength,  or  is  removed  from  an  adjacent  circuit,  induces  a  direct 
momentary  current  in  that  circuit.  It  will  be  seen,  therefore,  that  in- 
duction taken  pljx:c  only  when  there  is  some  change  in  the  eondHicn  oj 
the  inducing  current.  It  nuist  be  closed  or  opened,  increased  or  dimin- 
ished in  strength,  brought  near  to  or  removed  from  the  adjacent  circuit. 
In  the  ordinary  electro -magnetic  machines  these  changes  arc  made 
by  a  rheolome,  or  current-Interrupter,  and  the  strength  of  the  current 
is  modifieiil  by  withdraniog  or  removing  a  cnetatUc  cyUnder  enclosing 
the  coils,  or  by  withdrawing  or  rcttioving  the  core  of  iron  needles. 

Induction  of  a  Current  on  Ittelf :  Extra  Current. — ^I'hc  extra  cur- 
rent is  that  which  is  induced  by  the  current  in  each  coil,  or  winding  of 
the  priinary  coil  on  the  other  adjacent  windings. 

The  windings  act  inductively  on  each  ottier  both  at  the  o[>cning  and 
dosing  of  the  circuit.  Thus  we  have  a  direct  and  an  inverse  extra  cur- 
rent The  direct  extra  current  gives  shocks  and  sparks,  decomposes 
water,  niagneti/cs  steel,  and  melts  platinum-wire.  The  electro-motive 
force  of  the  extr;i  current  bears  a  liniform  relation  to  the  intensity  of 
the  primary  or  inducing  current  When  the  secondary  coil  is  closed, 
the  extra  current  does  not  appear  in  the  primary  coil,  but  by  what  is 
called  reaction  it  is  formed  in  the  secondary  coil  itself^  and  Uecotnes 
an  ordinary  induced  current. 

It  is  called  the  extra  current  only  so  long  as  it  remains  in  the  pri- 
mary coil ;  il  so  remains  only  when  the  secondary  coil  it  open. 

Hheofome,  or  Current- interrupter. — Among 
the  different  contrivances  for  producing  these 
changes  in  the  primary  current  that  are  neces- 
sary for  induction,  the  most  convenient  i»  the 
Rhcotome,  or  Current-interrupter. 

This,  when  placed  in  the  circuit  of  the  pri- 
mary coil,  alternately  closes  and  opens  the  cur- 
rent, and  thus  causes  induced  currents  in  th« 
secondary  coil. 

I'lg.  27  represents  a  currcnt-intenupier. 
Into  the  iron    covering  A  are  fastened  the 
ends  of  the  iron  wires  of  the  core  within  the 
coil. 

The  liammer  H  is  attached  to  a  spring  D, 
which  is  in  the  primary  circuit ;  /  is  a  projection  tipped  with  plati- 
mtm,    berausc  that  metal  docs  not  corrode; /',  connected  with  the 
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Krcw,  is  also  tipped  with  platinum.  IVhcn  the  circuit  is  closed,  the 
rorc  of  iion>wire  A  becomes  magnetic,  and  draws  H  away  from  /*", 
•gainst  wliich  it  naturally  rests.  This  breaks  the  current,  for  the  circuit 
'b  completed  through  the  connection  of/ and/',  .^s  the  current  ii 
tfroken,  A  of  couise  loses  its  magnetism,  and  no  longer  has  power  to 
UtrsLCt  H  i  theiefoic  the  spiing  D  brings  H  back  to  /',  where  it  natur- 
ally rests.  This  completes  the  circuit,  and  again  A  becomes  niagnctic, 
and  again  it  attracts  H,  and  thus  H  is  Jtr//  rapidly  vibrating  with  a 
bumng  sound  between  A  and/'.  These  constant  inicrruplions  keep 
Dp  an  induced  cunent  in  the  secondary  coii.  The  screw  b  gives  the 
Dcccftsar}'  slilTness  to  D. 

Otjat  of  the  Iron  Core  in  the  Primary  CoU.—'Tiic  inductive  power 
of  the  primary  current  is  very  greatly  increased  by  putting  a  bar  of  soft 
iron  or  a  bundle  of  iron  wires  in  the  heart  of  the  primary  coil.  The 
iron  core  strengthens  the  current  in  this  way.  tt  becomes  magnetic  by 
the  action  of  tlic  cunent,  and  Uiis  magncU&ni  disappears  when  the  cur- 
rent opens.  The  disappearance  of  the  magnetism  induces  a  current  in 
the  fOffiV  tiirtction  as  the  disappearing  primary  current,  atid  tlius 
strengthens  it.  In  electro-magnetic  machines,  as  u»cd  for  electro- 
thenipeuiics,  this  iron  core  is  a  very  convenient  means  for  modifying 
ihe  current.  Pushing  it  in  the  coil  increases  lite  current,  withdrawing 
it  diminishes  the  current. 

A  bundle  of  wires  is  preferable  to  a  single  bar  of  soft  iron,  for  in  tbe 
Utter,  currents  are  formed  which  impede  the  sudden  cessation  of  Che 
primary  current,  while  in  the  former  these  cannot  be  formed. 

Tkiekness  and  length  of  ihe  Outer  and  Inner  Wires, — It  is  a  law  of 
electro-physics  that  wires  of  a  large  diameter  conduct  electricity  better 
than  wires  of  a  small  diameter.  It  is  neces-^^ary  that  the  primary  cur- 
■jeot  should  be  strong,  since  its  principal  object  is  to  excite  niaguetism 
in  the  coie ;  consequently  the  coil  is  uuuie  of  thick  wire  and  of  moderate 
length.  The  secondary  coil,  however,  is  made  of  very  thin  wire,  and 
of  great  length,  so  that  as  many  turns  as  possible  may  be  brought 
within  the  influence  of  the  core  and  of  the  primary  coil,  and  tlms  pro- 
duce a  secondary  current.  As  with  the  galvanic  or  inducbg  current, 
the  electro-motive  force  of  the  battery  is  proportionate  to  the  num< 
bcr  of  cells ;  so  with  the  induced  or  secondary  current,  the  electro- 
motive force  of  the  coil  is  proportionate  to  the  number  of  turns  or  coila 

fait 

Induction  Coils  and  EUdro-magnetie  Machines. — An  induction  cot) 
(ai  philoso^ilucal  or  clectro-therapeuUcaL  purposes  consists  usually  of 
tivo  htlites  or  coils  of  wire  enelosing  a  Itar  of  soft  iron  or  a  bundle  of 
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iron  wires.*  The  inner  coil  is  connected  with  ihe  poles  of  a  battery, 
and  there  is  sonic  arrangetnctil  for  breaking  tlw  current.  TIie  innef 
coil  is  composed  of  tolerably  coarse  wire,  and  is  comparatively  short. 
The  current  that  runs  tJiroiigh  it  is  Calletl  the  primary^  ur  sometimes 
the  inducing,  current.  Tlie  outer  coil  is  in  no  way  connected  with 
the  inner  coil,  but  receives  by  induction  a  current  from  the  current  of 
the  inner  coll  as  it  is  alternately  broken  and  closed.  I'be  outer 
coil  is  composed  oi  Jine  wire,  and  it  is  very  much  longer  than  the 
inner  coiL 

The  liner  and  longer  the  wire,  the  greater  the  tension  of  the  current 
The  current  that  comes  throtigh  the  outer  coll  is  called  the  seeondary 
current,  in  distinction  from  tbat  whicli  comes  from  the  inner  coil,  which 
is  called  the  primary.  In  both  coils  the  cojiper  is  insulated  with  silk 
covering. 

Ruhmkorff's  Coil. — Tlie  most  powerful  of  all  coils,  and  the  one  best 
adapted  for  philosophical  experiments,  is  that  of  Ruhmkorff.  of  Pari«. 
It  is  about  14  inches  in  length.  The  inner  coil  is  of  cupper,  is  about 
2  mm.  in  diameter,  and  4  or  3  yards  long.  It  is  coiled  on  a  cylinder 
c^  canl-board,  and  is  enclosed  it)  an  insulating  cylinder  of  glass  or 
rubber. 
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The  wire  of  the  outer  coQ  is  of  copper,  from  ^  to  )-  nun.  in  diameter, 
and  from  thirty  to  sixty  miles  in  length.  The  distinctive  feattires  of 
thift  coil  are  llicsc  : 

1st  It  is  coiled  in  sections  so  as  to  avoid  the  induction  of  the  outer 
coil  on  itself,  which  is  liable  to  take  place  when  it  is  very  long  and  the 
^siun  is  high,  however  thorough  the  insulation. 

*  In  the  roochioc  of  Kidder,  to  be  de*<Tit>ed  viulcr  Elect  ro•TlltnpClllic^  the  hcUk 
Is  compoKcd  of  three  or  mors  coil*  of  wire,  not  dultnct,  bat  coiiRected, 
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2d.  The  iDsulation  is  very  complete.  The  wire  is  covered  vritli  sUk* 
and  each  windii^  is  separated  Irota  the  others  by  a  layer  of  shellac 
lu  the  larger  coils  of  RuhmkorfT  the  induced  currents  are  thousands  of 
times  stronger  fhan  the  primary  current  that  cxcilcs  ihein. 

7S/  QmdenscT  of  Rufunkarff' i  O/'/.— The  intensity  of  the  current  of 
iIm  secondary  coil  is  increased  by  interpo^ng  a  condenser  in  the  circuit. 
In  Ruhtnkorffs  coil  the  condenser  consists  of  150  sheets  of  tin-foil  18 
inches  square,  and  witli  a  surface  of  about  75  square  yards.  These 
sheets  arc  coiled  around  insulating  oiled  silk,  and  around  each  other,  so 
as  10  form  two  armatures,  and  the  whole  is  placed  below  the  helix  in 
the  base  of  the  apparatus. 

Being  introduced  into  the  circuit,  it  receives  the  extra  current  and 
increases  its  tension.  It  stores  up  and  utilizes  force  that  would  other- 
vbe  be  wasted  in  the  fomi  of  sparks  at  the  internipter. 

Efffets  firaduitd  hy  Ruhmkorff's  Coil. — ^Tfw  tension  of  RuhmkorfT's 
coil  is  enormous,  and  for  the  reawns  above  given — the  length  and  finc- 
ncs  of  the  secondary  wire  and  the  power  of  the  condenser.  It  possesses 
all  the  properties  of  staiicai  as  well  as  dynamical  electricity.  It  is 
capable  of  giving  a  shock  so  violent  as  to  prostrate  a  man,  and  if  a 
sufficient  number  of  clement*  are  connected  with  it,  it  could  kill  as  by 
a  stroke  of  lightning.  When  two  couples  are  connected  with  it,  it  will 
kill  a  rabbit.  It  causes  fine  iron  wire  to  nicll  and  bum  with  a  bright 
bght.  It  can  rapidly  decompose  water,  01  produce  luminous  effects  in 
the  water  without  decomposition. 

It  decom|>oses  and  combines  gases.  Passed  through  a  hermetically 
sealed  tube  containing  air,  it  forms  nitrous  add  from  the  nitrogen  and 
oxygen.     It  6tn  produce  a  s]>aHc  eighteen  inches  in  length  in  the  air. 

In  rafKtf  it  pro<luccs  most  remarkable  effects.  In  the  so-called 
tieOrit  egg,  a  luminous  trail  is  observed  between  the  poles.  At  the 
positive  pole  the  light  is  red  and  brilliant;  at  the  negative,  feeble  and 
violet.  If  vapor  of  alcohol,  or  turpentine,  or  bisulphide  of  carbon,  be 
introduced  into  the  vessel,  it  appears  in  the  forai  of  alternate  light  and 
dark  zones  or  strata.  The  tints  vary  with  the  nature  of  the  vapor. 
The  same  phenomena  arc  obtained  by  the  ordinary  galvanic  current 
from  a  large  number  of  cells.  The  luminous  eiTects  of  the  coil  are  as 
great  from  a  single  cell  as  from  a  large  number. 

In  electro-therapeutics  a  wide  variety  of  electro-magnetic  machines 
have  been  devised.  Most  of  them  are  run  by  one  or  two  cells,  like 
imec's  or  Walker's,  and  the  current  generated  is  juft  sufficient  for  ap- 
ilicatinn  to  the  human  body,  and  are  but  little  adapted  f(;r  the  phili^ 
sophiral  roam. 
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The  [argest  induction  coil  of  which  we  have  Any  knowledge  is  that  of 
Apps,  in  London.  It  is  nine  feet  ten  inches  long,  and  its  diacnetcr  is 
two  feet.  The  soft-iron  core  is  five  feet  long,  four  inches  in  diameter, 
and  weighs  125  pounds.  The  length  of  the  phniary  coil  is  3,770  yards, 
while  that  of  the  secondary  coil  13  ont  hundred  and  fifty  miles.  This 
battery  is  excited,  by  4S  large  Bunsen  celU.  It  gives  a  flash  twenty- 
nine  inches  long  that  will  perforate  five  inches  of  solid  plalc-glaas.  At 
the  Stevens  Institute  of  Tcchnologj-,  Hoboken,  there  U  also  an  indue* 
tion  coil  of  great  power. 

Pr^eriiei  cf  Induced  Currents. — Induced  currents  have  in  different 
degrees  all  the  properties  of  the  ordinary  galvanic  current.  They  pro- 
duce chemical,  thermic,  Iuhiidqus,  and  phyiaiological  effects.  They 
deflect  the  luagnctic  needle,  magnetiitc  steel,  and  arc  capable  of  them- 
selves exciting  induced  currents.  There  is  a  difference,  however,  be- 
tween the  effects  of  the  direct  induced  and  inverse  induced.  The 
direct  gives  a  powerful  shock,  the  inverse  a  mild  shock. 

The  direct  magnetizes  to  the  point  of  saturation,  the  ioverse  does 
not  magnetize. 

lu  llieir  action  on  the  galvanometer  they  are  about  equal  In  quan- 
tity, the  direct  and  inverse  induced  currents  are  about  the  sanie  ;  but 
the  tension  of  the  direct  induced  is  greater  than  that  of  the  invenw 
induced. 

Ccmfarative  Chemieal  Effects  of  the  Gahxmie  and  Induced  Currents. 
— "WxzX  tile  chemical  character  of  currents  of  induction  is  distinctive  from 
tlie  galvanic  is  proved  by  the  following  eiperiment :  When  the  platinum 
poles  connected  with  an  induced  ciurent  are  placed  in  water,  water  is 
decomposed  and  oxygen  produces  oxidation  of  platinum,  which  is  re- 
duced to  metallic  platinum  by  the  recombination  of  the  hydrogen  with 
the  oxygen.  This  process  takes  place  at  both  poles,  so  that  both 
become  covered  with  a  powder  of  platinum. 

If  a  solution  of  iodide  of  potassium  and  starch  is  brought  into  the 
circuit,  the  blue  color  appears  at  both  poles.  When  the  galvanic  cur- 
rent is  used,  the  blue  color  appears  only  at  the  positive  pole.  When 
the  induced  current  is  sent  through  water  it  decomposes  it,  just  as  the 
galvanic  current  does  the  oxygen  and  hydrogen,  both  appearing  at 
both  poles ;  but  they  recombine,  and  thus  the  water  does  not  appear 
to  be  decomposed  at  all. 

It  is  of  the  first  importance  to  the  dcctro-therapeutist  to  understand 
elcclro-iuagnctiMn,  for  it  is  the  form  of  electricity  most  used  in  etectro- 
iberapeutics. 

Magfuto-eUctrieiiy. — Magneto -electric  induction  is  the  induction  of 
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electric  currents  by  magnetism.  It  is  as  ihe  Icrm  implies,  the  reverse 
of  electro-magnetic  indnction  There  are  two  forms  of  niagneio-clec- 
trie  induction. 

The  ^rs$  aod  most  familiar  form  is  when  a  current  is  induced  in  a 
coil  of  insulated  wire.  The  second  form  is  when  a  current  is  induced  in 
conducting  plates. 

Under  cteciro-magnetic  induction  we  have  seen  that  the  ooU  of 
wire  in  which  a  current  circulates  produces  a  contrary  induced  cur- 
rent in  an  adjacent  coil  whenever  a  change  is  macic  in  the  current  by 
opening,  dosing,  withdrawing,  or  approaching  it.  The  strength  of  the 
iTMJuccd  current  is  proportioned  to  (he  amount  and  suddenness  of  these 
dianges.  If  now  we  substitute  for  the  primary  or  inducing  coil  a  per- 
niancnt  bar  magnrt,  and  cause  it  to  approach  or  withdraw  from  (he  ad- 
jacent coil,  it  induces  a  current  in  that  coil.  This  principle  is  the 
bo^  of  all  the  magneto-electric  machines  that  are  so  faniliar  to  stu- 
dents of  philosophy,  and  that  were  once  so  much  used  in  electro-thera- 
lieutics. 

The  development  of  magneto- electricity  is  shown  in  a  very  simple 
manner  by  the  common  horseshoe  magnet,  its  armature, 
and  a  copper  wire.  Let  the  armature  A  B  be  encirded 
by  the  wire  C,  one  end  of  which  is  flattened  and  amal- 
gamated with  nitrate  of  mercury,  and  the  other  filed  to 
a  |X>int.  >Vhen  the  armature  is  placed  cpon  the  magnet, 
the  luoracnt  of  contact,  when  it  is  witJidrawn,  and  the 
act  of  withdr.nwal,  n-itl  each  be  marked  by  a  spark  of 
electricity  at  C,  where  the  two  extremities  of  the  wire 
meet. 

The  electric  airrent  flows  in  one  direction  at  the  in- 
stant magnetism  is  induced  in  the  soft  iron  which  is 
enclosed  by  Ihe  coil  of  wire,  and  in  the  opposite  direc- 
tion n-hcu  its  magnetism  is  destroyed. 

In  the  electro-magnetic  machines  in  ordinary  use  a  sof^-iron  arma 
ture  covered  with  wire  is  made  to  rotate  in  front  of  the  poles  of  a  per- 
manenl  horseshoe  magnet.  As  the  armature  rotates,  its  two  ends  are, 
of  courser,  alternately  brought  near  to  and  removed  from  the  bars  of  the 
magnet,  and  thus  two  currents  are  induced  in  the  wires  that  cover  the 
anuaiure.  Each  current  lasts  half  of  a  revolution,  and  if  the  rotation 
be  rapidly  kept  up,  a  current  is  produced  which  may  be  perceived  when 
the  ends  of  the  wires  arc  joined. 

A  ContinuoHs  Current  from  Atagneto-tUetric  Machines. — When  the 
armatures  of  the  magneton!  cctric  machine  are  made  to  revolve  with 
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•ufficient  ra^iidity,  ai  tontinuous  current  is  prodaced  which  has  all  the 
properties  of  the  galvanic  current.  Magnetoelectric  airrcnts  are, 
therefore,  extensively  used  in  electroljtic  experiments  and  in  electro. 
plating.  It  is  possible  ttiat  some  of  tliese  may  be  utilized  in  electro* 
therapeutics. 

Currents  induced  by  Magnetism  in  Conducting-plates :  Magnetism 
«/  Roiaiion.—lr\  1834-5  Arago  discovered  that  when  a  copper  disk  re- 
volved with  great  rapidity  under  a  needle  resting  on  a  disk  above  the 
disk,  the  needle  deflected  in  the  direction  of  the  motion  of  the  disk. 
After  a  time,  if  the  movement  be  sufficiently  rapid,  the  needle  refuses 
to  remiun  fixed,  and  turns  around  after  the  disk.  The  expUnation  of 
this  phenutnenun  was  given  by  Faraday  in  i8ji.  He  showed  ttiat  it 
uose  from  the  reaetion  of  the  currents  induced  in  the  plate  by  the  mag- 
net. The  niagnettsin  of  rotation  is  only  one  of  the  many  phenomena 
connected  with  induction.  All  these  phenomena. — induction  by  currents 
of  magnetism  and  by  rotation — are  explained  by  the  theory  of  Ampere 
before  cited.  They  are  at  once  in  harmony  with  that  theory  and  con- 
finnatory  of  it. 

Hisiifry  cf  InJuftiffn. — The  discovery  that  electric  currents  of  mag- 
netism cau  iuduce  currently  in  neighboring  circuits  was  made  by  Faraday 
in  1830.  His  researches  on  the  subject  were  published  in  the  Philo. 
Kiphical  Tnnucrions  in  1S31  and  iSjs. 

lliis  discovery  of  Faraday,  like  that  of  Oersted,  was  the  result,  not 
of  sccident,  but  of  long  and  laborious  experimentation.  As  early  as 
1825  Fataday  had  sought  to  make  a  wire,  through  which  the  galvanic 
current  was  passing,  induce  a  current  in  a  neighboring  wire,  just  OS  A 
conductor  charged  with  Franklinic  electricity  would  have  done.  Not 
until  iSjr  did  he  6nd  out  that  the  current  must  be  broken  or  closed, 
or  approached  or  withdrawn,  before  it  could  induce  a  current  in  a 
neigl^oring  wire. 

In  183*  Prof.  Henry,  then  of  New  Jersey,  now  of  the  Smithsonian 
Institute.  Washington,  obserred  pheivomena  which,  in  1S34,  Faraday 
ihowcd  were  due  to  the  extra  current  In  1S37  Bachhof&ier  and 
Sturgeon  showed  thai  a  bumlle  of  wire  was  better  in  an  induction  app> 
nius  than  ■  rod  of  soft  iron. 

In  1841  Prof.  Henry  studied  the  inductiv«  actioo  of  cnrrents  on 
canrnts.  In  1S50  or  1S51  Rulunkortf  constracted  the  induccion.coi], 
^-ftnd  in  1853  Fixeau  grcatty  increased  its  power  by  adding  to  it  a  con> 
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primaiy  si'inl  tndoce  a  carrcnt  in  a  secondary  spiral,  and  that  currents 
of  the  third,  fourth,  and  fifth  order  can  be  thus  producedi  and  of  Ba& 
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cicDt  strength  to  give  shocks,  burn,  etc.,  was  made  simulianeousty  by 
its.  Henry,  of  IVashington,  and  Ries3,of  Berlin. 
The  dist  tiiagiieia-elcctiic  tuachinc  was  made  by  Paraday  in  1S31. 
The  Li^i  machine  of  the  style  now  used  was  made  by  Fixii  in  1832. 
Improvements  have  been  since  luadc  bySaxton  (1835),  Clarke  {1B36), 
?c\nae  (1844),  Stuhrcr  (iS4.>},  Siemens,  HaUkc,  Duchcnae,  and 
>tbers. 


TB  E  RWOEI,ECni  ICITV. 

ThfrmO'tUdrUity  is  that  Jorm  of  eUetricUy  that  arisfs  from  tki  heat- 
iHg  of  tva  heUrogiHtous  coHductors  at  their  function.  The  two  most 
[^important  methods  of  generating  thcnnal  currents  are,  ist,  willi  two 
rtions  of  the  same  niclal ;  and  sd,  with  two  different  kinds  of  metal. 
Thermo-eUetricity  generattd  by  One  Metal. — If  a  copper  wire  be 
cut  into  two  pieces,  and  one  of  the  ends  be  heated  to  redness  and 
iwe&sed  against  the  end  of  the  other  piece,  a  current  of  eleclricity  is 
produced.     This  is  demonstrated  by  the  galvanometer. 

^VhcQ  different  portions  of  the  same  metal  have  ditTerent  stnictitres, 
z  current  is  obtained  when  the  point  where  both  structures  come 
.  together  is  heated. 

If,  for  example,  a  platinum  wire  be  twisted  or  bent  on  itself,  this 
twisting  so  changes  the  structure  of  the  mre  that  a  current  is  generated 
by  heating  the  point  of  union  between  the  twisted  and  non-twisted 
portion. 

Thtrmo-eiectrieiiy  gtHera/ed  by  Twff  Meta/s.— Let  A  and  B  (Fig.  30) 
be  respectively  bars  of  antimony  and  bismuth,  soldered  lo- 
gcthcr,  while  O  rcj>rc8ents  a  galvanometer  connected  by  two 
wires  with  the  free  extremities  of  the  metals. 

^Vhen  the  junction  S  of  the  metals  is  heated,  a  airrenl  of 
electricit)'  is  gcneraicd,  which  flows  from  ihc  bismuth  to  the 
antimony,  as  shown  by  the  arrow.  If  the  junction  S  is  ehiHed 
by  applying  ice.  a  current  is  also  produced,  but  in  tiie  c//*- 
site  direction.  This  coinbbation  constitutes  a  l/urmo-eiectric 
■*;i-^     pair. 

rw.'jL  Thermo^Uctrie  Batteries. — A  number  of  thermo-electric 
couples  soldered  together  so  that  the  copper  or  antimony  of 
one  is  soldered  to  the  bismuth  of  the  other,  and  so  on.  is  called  a 
thermo-iUetrie  battery.  The  current  is  generated  by  healing  one  row 
of  the  soldered  faces,  or,  as  the  current  depends  on  the  difference  of 
temperature  of  the  two  sides,  by  applying  ice  to  one  side  and  heat  to 
the  otlier. 
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The  accompanying  cut  represents  Farmer's  thcmio^Icctric  battery, 
constructcJ  en  the  pnnci]>les  abovi:  indicated.  Tlie  heat  is  supplied 
by  a  gas-burner  ur  a-lcohoMiuip. 

Thermo-electric  batteries  of  any  form  are  not  as  yet  luuch  used  in 
elcctro-lh era peu tics.    The  hopes  at  one  time  entertained  of  them  have 
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Fanner's  Thermo-EEectric  Battery. 


been  disappointed.  In  practice  they  have  been  found  to  be  Snconve- 
nicnC,  bulky,  expensive,  and  unlrustworttiy.  It  ii  nt>t  impossible,  how- 
ever, that  future  researches  m.iy  so  develop  the  department  of  tliemio- 
elcctricily  that  thermo-electric  batteries  may  be  constructed  that  shall 
be  more  convenient  for  practical  use  than  the  ordinary  galvanic  bat- 
teries.   This  is  a  realm  in  wbicli  Lhete  is  room  for  experimcDt- 
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The  basis  of  all  electrical  measurement  is  Ohm's  law,  which  is,  that 
the  quanlUy  of  electriaiy  passing  threush  any  point  in  a  eircuH 
varies  direcity  as  the  eUctro-mctivt  force,  and  inversely  as  the  resistance. 

Putting  Q  for  quantity,  C  for  electro-motive  force,  atid  R  for  resistance, 
Uie  Uw  ift  thus  expressed ;   Q  =  |. 

litis  lav  was  discovered  by  Prof.  Ohm,  of  Nuremberg,  in  1827,  and 
for  a  long  time  was  neglected.  It  is  the  north-star  of  dynamical  elec- 
tricity. Those  who  can  keep  this  always  in  sight  need  never  lose  their 
way,  however  long  or  intricate  the  explorations  they  may  moke  in  this 
important  and  fascinating  realm.  Although  originally  nothing  but  a 
theory,  yet  it  has  been  powerfully  confirmed  !ty  ihc  uiathematica)  calcu- 
lations of  Fechner,  PouiUet,  Kohlrausch,  Danicll,  De  la  Rive,  and 
Wheatstonc,  and  has  proved  itself  competeul  to  explain  all  the  phe- 
nomena, with  wtiith  it  has  to  do.  Just  as  the  strength  of  the  theory  of 
gtavitatjon  consists  in  its  power  to  account  for  (he  movements  of  the 
solar  system.  Just  as  the  strength  of  the  undulatory  tlieory  consists  in 
its  power  to  explain  the  complex  phenomena  of  light,  so  the  strength 
of  Ohm's  Uw  consists  in  its  power  to  account  fur  the  phenomena  uf  dy- 
namical electricity.  As  no  one  can  be  master  in  astronomy  without 
utuJcrstanding  gravitation,  or  in  optics  without  understanding  the  undu- 

tory  theory,  so  no  one  can  be  master  in  electricity  without  under* 

tnding  Ohm's  law. 

We  shall  endeavor  to  make  this  law  and  its  application  as  clear  as 
nature  of  (he  subject  will  allow.  U  i.s  necessary  to  deiine  certain 
is  that  arc  not  very  familiar;  first  of  all,  units  of  measurement. 

A  unit  is  an  abstract  term  to  express  any  diiermintd  quantity,  by  the 
ftpetition  of  which  any  other  quantity  of  the  same  kind  can  be  measured. 

.An  i>hm  i .  a  tmit  of  resistance  ;  one  million  ohms  —  one  megohm ; 
^jMe  millionth  of  an  olira  =  one  microhm. 

A  Dumber  of  units  of  resistance  have  been  proposed — among  others, 
S 
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definite  lengths  of  wires  of  a  definite  thickness ;  but  wire  is  rarely  pure, 
and  the  different  specimens  widely  vary. 

In  1S64  the  HrLCinh  Association,  3.cting  on  tJie  suggestion  of  Webei; 
decided  that  electrical  resistance  could  be  expressed  as  an  absolute  ve- 
locity, williout  any  reference  to  the  siihslancc  that  conducts.  This  unit, 
which  exfressts  a  velociiy  of  10,000,000  metres  iti  a  second,  is  called  1 
B.  A.,  or  British  Asiociation,  unit. 

Previous  to  this  action  of  the  Assodation  the  best  known  units  were 
those  of  Siemen  and  Varley.  Siemen's  unit  is  a  column  of  pure 
mercury,  one  metre  long  and  one  square  niilltmetre  in  sections  at  o"*  C. 
Varley s  unit  wa&  one  mile  of  ordinary  copper-wire.  No.  16,  -^  of  an 
inch  in  diameter  at  60°  F.  The  B.  A.  unit  of  the  British  Association  is 
embodied  in  an  atloy  of  platinum  and  silver.  This  alloy  has  the  ad. 
vantage  of  German  silver,  that  its  conducting  jiower  docs  not  change 
with  long  use. 

The  unit  of  eltetromotivt  foree  is  called  a  volt.  A  volt  is  equal  to 
about  the  force  of  a  Daniell  cell,  or  the  decimal  •93G8. 

The  unit  of  quantity  is  a  farad.  In  other  words,  a  farad  is  the 
qnanrity  of  clectricit)'  which,  with  a  certain  electro-motive  force,  flows 
ihrough  a  certain  resistance. 

The  tenninolog)'  of  electricity  in  general  has  been  atrociously  diffi- 
cult and  obscure,  but  nowhere  has  there  been  deeper  obscurity  and 
grosser  misunderstanding  and  inconsistency  than  in  the  application  of 
the  terms  resistaner,  quantity,  tension,  and  eleetro-metive  force. 

Eleetro.motive  Foree. — The  eleetro-motive  foree  is  the  foree  that  urges 
forward  the  current. 

It  is  the  origin  of  tension,  to  be  hereafter  defined.  This  force  it 
modtlicd — 

ist  By  the  nature  of  the  plates  of  which  the  element  is  composed. 

2d.  By  the  nature  and  strength  of  the  acid  solution. 

3d.  By  the  number  of  elements  in  the  solution. 

Substances  that  stand  at  or  near  the  two  extremes  of  the  electro- 
positive and  electro  negative  series,  generate  a  stronger  electro  motive 
force  than  substances  that  stand  near  each  other. 

Zinc  and  platinum  or  anc  and  carbon  give  more  electio-motivc 
force  than  zinc  and  copper,  bccanse  the  difference  in  their  oxidability 
is  greater,  and  tliey  stand  farther  apart  in  the  electro-positive  and 
electro-negalive  series. 

Plates  that  are  imperfect  in  their  stnicture,  or  which  contain  impuri* 
lies  that  generate  currents  in  opposition  to  die  main  current,  or  platei 
ttot  are  worn  out,  or  are  ercnistcd  with  the  products  of  chemical 
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decompoarion,  give  less  electro-mouve  force  than  plates  (hat  are  per- 
fect, fresh,  and  clean. 

Similarly  also  the  electro-motive  force  Is  diminishal  by  the  Jtolariting 
ftctJOD  of  Uie  currenl  in  the  cell.  Thus,  in  the  Smee  cell,  the  hydrogen 
that  gathers  on  the  plattnuiu-plate  and  the  oxygen  that  gathers  oc  the 
itnc,  generate  a  cuirent  that  is  opposite  in  direcdoti  to  the  niatn  cur- 
rent, and  enfeebles  it ;  and  for  this  reason,  lifting  the  plates  out  of  the 
tiquid  a  moment  to  allow  the  gases  that  form  on  them  to  escape,  ct 
vigorously  agitatiiig  the  liquid,  at  once  increases  the  electro- motive 
Ibrce.  Strong  adds  which  excite  vigorous  chemical  action  give  more 
clectro-motiTe  force  than  weak  acids,  and  therefore  it  is  that  sulphuric 
and  nitric  and  chromic  acids  are  bo  much  used  in  batteries. 

When  the  proportion  of  acid  in  the  solution  is  large,  electro- motive 
force  is  greater  than  when  it  is  small.  Strong  solutions,  however,  con- 
Mime  the  plates  faster,  and  the  electro -motive  force  will  be  reduced 
(hereby  sooner,  other  conditions  being  the  same,  than  when  weak  solu- 
tions arc  ascd. 

The  eleclro-oioiive  force  is  exactly  proportioned  to  the  numhtr  a/ 
eUmemts,  without  regard  to  their  sist.  Two  elements  give  twice  as 
jcfa  eicctro-motivc  force  as  one  element,  and  one  hundred  elements 
one  hundred  times  as  much  as  one  element  of  a  similar  character. 
This  can  be  proved  by  a  galvanometer,  with  a  long  resistance-coil, 
.where  the  deflection  of  the  needle  will  be  in  pretty  exact  proi)ortion  to 
the  nnmber  of  cells  brought  into  the  ctrcuii.  The  exactness  of  this 
proportion  is  of  course  modified  by  the  imperfectioos  ofindividnal  ele- 
ments, or  by  variation  in  the  quantity  and  strength  of  solution  in  each 
cell ;  but  the  law  always  holds  good. 

As  with  the  long-coil  galvanometer,  so  with  the  human  body,  or  any 

other  powerful  resistance  whatsoever,  the  electro-motive  force  that  passes 

throQgh  it  will  be — all  other  conditions  being  the  same — proportioned 

[to  the  number  of  ilemtnis  and  without  regard  to  their  sise.     If  a  series 

ffrf  very  iarge  elements  are  opposed  to  an  equal  series  of  very  smaR 

[iCletoczits  of  similar  construction,  no  current  will  pass;  they  will  neti- 

[traUxe  each  other.     If  both  be  tested  by  the  galvannmtrtcr  with  a  long 

Tcdstancc,  they  will  cause  similar  dcfleciions  of  the  needle. 

7Hf  quantity  of  eUcirUUy  that  passes  through  a  circuit  is  directly  pro. 
ferHaned  to  the  electro-motive  force.  If  lliere  were  no  resistance  in  the 
circuit,  quantity  and  electro -motive  force  would  be  the  same :  Q  =  K. 
But  ilicre  can  be  no  circuit  without  some  resistance,  therefore  Q  nevei 
equals  E. 
£kctro-nMtive  force  of  different  batteries,  approxitnatdy : 
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Grove too 

Bunscn 98 

Daniell.. 56 

Smee  (when  not  in  aclion) 57 

"    (when  in  action) 25 

Wollaston  (copper  and  zinc) 46 

Mari£  Davy  (sulphate  of  mcrcuiy  and  graphite).  76 

Chloride  of  silver 6a 

Chloride  of  lead 30 


These  estimates  are  the  mean  of  a  very  large  number  of  observa- 
tions by  l^timer  Clark,  taken  on  a  sine  galvanometer.  The  electro 
motive  force  is  somewhat  modified  by  various  undetermined  causes. 

Tension^  or  Potential. —  Tension  is  thai  quality  0/  itectricity  by  which 
il  fiver^omes  rtsislana.  This  definition  is  practical  rather  than  strictly 
scientific,  and  can  only  be  understood  by  explanation. 

Tension  is  a  result  oi  ihe  electro-nioiive  force,  and  is  dependent  on  it, 
and  by  mistake  the  two  are  often  confounded.  The  sum  and  the  diffe- 
rences of  electro-motive  force  are  always  equal  to  the  sum  and  diffe- 
rences of  tension,  but  they  arc  diffcrcnlly  distributed  in  ihc  circuit. 
Ky  mathematicians  the  term  potential,  suggested  by  Green,  is  preferred 
to  tension.  The  term  is  a  relatit'e  one,  and  no  bo<Iy  or  part  of  a  body 
can  be  said  to  have  an  ahst^iuie  tension  or  potential.  The  potential  of 
a  body  is  really  the  difference  between  its  potential  ami  that  of  the 
earth,  which  is  assumed  lo  be  zero.  Electricity  flows  from  a  body  or 
part  of  a  body  at  a  higher  potential,  to  a  body  or  i>arl  of  a  body  at  a 
lower  potential,  and  the  work  irrtiicli  it  docs  mexsures  its  amount 
Differences  of  poteniial  may  be  compared  to  differences  of  level  for 
water.  As  water  tends  to  flow  from  a  higher  level  to  a  lower  level  un- 
til all  is  of  a  uniform  height,  so  electricity  tends  lo  flow  from  a  higher 
to  a  lower  potential  until  the  ]}otential  of  all  parts  of  the  conductor  is 
the  same,  and  ceases  to  flow.  An  instance  of  extreme  tension  is  found 
in  lightning,  where  it  is  caused  by  the  differences  in  the  electro-motive 
forces  between  two  clouds,  or  between  ilie  clouds  and  ilie  earth. 

The  tenaon  of  the  frictional  machine  is  very  great,  for  the  reason 
that  it  is  not  at  all  influenced  by  the  resistance  of  the  circnit,  which 
in  the  galvanic  battery  is  very  great.  If  the  current  of  the  galvanic 
battery  encountered  no  resistance  in  the  circuit,  or  was  not  affected  by 
irsislance,  its  tension  would  be  enormous. 

The  term  tn/enstly  has  long  been  used  as  synonymous  with  tension  , 
at,  strictly  speaking,  intensity  is  derived  from  the  French  intfnsiit, 
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which  has  been  translated  intensity,  but  which  really  means  quanMy. 
It  is  better  to  dispeose  entirely  with  the  term  intcnsi^,  and  we  have 
rione  so  ill  the  present  wurk. 

Out  deEnition  of  tension  may  be  thus  illustrated :  Let  a  battery  of  100 
Cells  be  joined  in  the  ordinary  tension  arraogeiueat,  zinc  united  with 
carbon  and  so  on.  Place  the  battery  on  an  intiuktcd  stand,  and  connect 
the  zinc  or  negative  pole  with  the  earth,  leaving  the  ot!]cr  free.  Regard- 
ing the  earth,  for  convenience'  sake,  as  zero,  the  copper  pole  will  have 
a  tension  of  o,  while  the  free  end  n-ill  have  a  tension  of  100  poiitr-'. 
If  a  wire  be  connected  with  the  free  end,  a  cuni^nL  would  tifyn  from  u 
to  the  earth.  If  now  we  reverse  the  position  uf  the  pules,  connecting 
the  carbon  pole  ii-ith  the  earth,  and  leaving  the  other  free,  the  carbon 
end  will  be  o,  and  the  tine  end  will  be  loo  negaihe,  and  if  it  be  con- 
nected with  the  earth  a  current  will  How  /rom  tht  earth  to  it.  In  both 
of  these  cases  the  tension  is  the  same ;  in  one  case  it  is  positive,  in  the 
other  negative.  Take  the  sanie  battery,  with  the  zinc  pole  connected 
jrith  the  earth,  and  join  the  carbon  and  zinc  ends  by  a  short,  tliick  wire^ 
t)d  a  strong  current  will  Sow  through  the  wire.  But  here  comes  in  the 
difference  between  tension  and  electro-niotive  force,  for  it  can  be  ascer- 
tained by  proper  tests  that  the  electro-motive  force  of  tlic  battery  is  the 
same  as  it  was  before  the  ends  were  joined,  but  the  tension  has  changed. 
Before,  it  was  100  |>ositive  at  the  carbon  end,  now  it  is  almost  o. 

If^  instead  of  a  short,  thick  wire,  a  long,  fine  wire  that  offers  greater 
resistance  be  used  to  connect  the  poles,  ihc  tension  at  the  carbon  end 
will  rise  with  the  increase  in  resistance  in  the  wire.  When  the  n:si&t- 
ance  becomes  inhnitely  great,  the  tension  becomes  100  again,  but  it 
can  never  exceed  too,  for  the  tension  can  never  txtted  the  electro- 
motive force  at  any  point,  although  it  may  fall  very  much  below  it. 

These  two  general  laws  in  regard  to  tension  should  be  remem- 
bered : 

isL  It  rises  with  the  distance  from  the  zero  end  of  the  circuit. 

ad.  The  quantity  of  electricity  passing  between  any  two  points  is 
tlway^  proportioned  to  the  difftrtnce  of  tension  between  tlieae  points. 
The  actual  tension  may  be  high  or  low,  positive  or  negative,  but  there 
can  be  00  cnrrcnt  without  diffirenees  of  tension.* 

The  atrangcment  in  series  (or,  as  it  is  erroneously  called,  "intenwty 
l^anangement"),  is  when  the  electro-positive  clement  of  one  cell  is  united 

<  the  electro-negative  element  of  the  next  cell,  and  so  on.  The  "  quaa- 
t»ly  anaDgement,"  or  "  multiple  arc^"  is  when  all  the  electro-positive  el» 
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ments  are  united  to  all  the  electronegative  elements  go  u  to  maie  on 
large  clenient.  The  urangement  in  scries,  or  a  "  tension  Brrangcmcnt,' 
is  used  for  all  ordinary  gatlvanization  and  electrolyzatios.  The  mu]tipli 
arc,  or  "  (juantily  arrangemenl,"  isusedingal%'ana-cautery.  Thejihrasc 
"joined  for  lensJon,"  or  "  intensity,"  and  "joined  for  quantity,"  an 
relics  of  old  and  exploded  theories  of  electritity.  For  convenience 
&ake  tlicy  are  stilt  used ;  but  those  who  understand  Ohm's  Uw  neet 
not  be  deceived  by  them. 

Resistance. — Resistance  is  that  quaiity  of  a  eonduetar  thai  impedt. 
the  passage  of  a  circuit . 

There  are  two  kinds  of  resistance  in  any  circuit: 

tsL  That  of  llie  battery  il&elf  {Internal  Resistance). 

3d.  That  of  the  connecting  wires  (circuit  outside  of  the  battery),  the 
galvanometer,  the  human  body,  or  other  substance  introduced  into  th< 
circuit  {External  Resistance). 

ffoiir  Resistance  is  Modified. — Resistance  is  modified  in  three  ways : 

ist.  By  the  nature  of  the  substance,  whether  liquid  or  ^lid,  or  by  iQ 
sjiKcial  chemical  composition. 

3d.  By  tlie  form  of  the  substance,  whether  long  or  short,  of  small  oi 
large  diatitcccr. 

3d.  I*y  the  temperature. 

It  IS  i>rovcd  hy  cx^cnmcTmhzt  the  resistances  of  wires  of  the  santi 
material  and  vf  the  same  thickness  are  directly  prep^iiened  to  thcit 
UngtK,  and  inversely  proportioned  to  the  squares  of  their  diameters. 

A  wiie  one  mile  in  length  gives  twice  the  resistance  of  a  wire  half  a 
mile  long,  and  four  times  the  resistance  of  a  wire  one-fourlh  of  a  mile 
long.  On  the  other  hand,  wires  of  the  same  metal,  but  of  diamctcrd 
whidi  stand  to  each  other  in  ihe  relation  i,  2,  3,  offer  a  resistance  which 
stand  to  each  other  as  1,  |,  ).  In  other  words,  Ihe  longer  the  wire  the 
greater  the  resistance,  the  thicker  the  wire  the  less  the  resistance.  The 
same  l.iw,  but  less  exactly,  applies  to  liquids,  and  for  this  reason  largt 
elements  give  less  resistance  than  small  elements.  The  relative  specific 
resistances  of  a  number  of  metals  at  a  temperature  of  54*^  K.  are  as 
follovs : 

Copper I  Iron 7.5 

Gold 1.4      Lead 11 

Zinc 3.7      Platinum 11.3 

Mercury  (at  57') 50.7. 

The  converse  of  resistance  is  conduction. 

The  following  table  of  the  relative  conductibility  of  metals  at  33°  P 
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is  taken  from  Latimer  Clark.     It  will  be  perceived  that  it  Tartea  some 
K-haL  from  the  above  table  of  relative  reastances : 


Silver 


,I30 


Zinc. 


»9 


Cojipcr  (pure). 99.9      Steel 16 


••  selected  (commer- 
cial)  85  to  95 

Copper,    ordinary    (couuner- 

dal) 40  to  70 

Brass 30 


Gold. 


Iron IS 

German  silver 121015 

Tin 13.4 

Lead 8.3 

Platinum 6.9 


,78       Mercury. 1.6 


It  will  be  seen  that  both  eiHmiles  agree  in  making  copper  and  silver 
the  best  conductors,  and  for  that  rca-wn  coppcr-vrirt  is  so  much  used 
in  making  battery  connections.  In  both  tables  platinum  stands  low  in 
conductibiJity,  and  for  that  reason  platinum  wire  is  used  when,  as  in 
galvano-catitery,  it  is  required  to  generate  heat  by  passing  the  current 
through  a  resisling  medium.  If  mercury  could  be  made  in  the  'form 
of  a  wire  it  would  of  coui^e  be  belter  than  plaliitun),  since  its  rcsisi- 
ance  is  somewhat  greater.  Bismuth,  graphtle,  and  coke  rank  still  lower 
in  conducting  power  than  mercury.  The  resistance  of  liquids  is  enor- 
mous. Thus,  taking  copper-wire  at  33"  V.  as  i,  the  resistance  of  a 
saturated  solution  of  sulphate  of  copi>er  at  48**  F.  is  16.885.530 ;  ditto 
of  dilonde  of  sodium  at  56°  F.,  2.903.538 ;  ditto  of  sulphate  of  zinc, 
15.861. 267;  sulphuric  acid  diluted  to  -^  at  68°  F.,  [.032.020;  nitric 
acid  at  55*  F.,  976.000;  distilled  water  at  59°  F.,  6.734.208.000. 

It  has  been  estimated  that  the  human  body,  by  virlite  of  the  salts 
irtu'ch  it  contains,  conducts  15  or  20  times  better  than  water,  provided 
Ae  sAin  bt  JuUy  moiittHtd ;  and  that  copper  conducts  from  three  tn 
foor  hundred  miUion  times  better  liian  the  human  body. 

Effects  of  I'etnptrahire  on  Stsistanee. — Resistance  is  more  or  less 
5cd  by  temperature. 

Between  t*  and  100*  C.  the  relatire  conducting  power  of  the  mctaU 
eroains  the  &an>e;  at  100^  metals  lose  about  30  per  cent,  of  their 
conductibility  as  compared  with  0°  C. ;  but  this  varies  with  different 
metals.  Conductivity  is  increased  by  annealing.  Non-metallic  sub- 
Etances  increase  in  conductivity  as  they  rise  in  temperature.  Water, 
for  example,  when  heated  conducts  better  than  water  cold.  When  a 
current  passes  from  a  liquid  to  a  solid,  or  viee  versd,  the  resistance  if 
lery  great. 
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Ail  ResiUanu  relative. — No  substances  absclviely  reust  Ihc  jia&sage 
of  clectncicy;  eveti  rcsio,  glass,  axkd  sulphur,  the  woist  conductors,  do 
conduct  a  sU^t  cuirea^  as  can  be  proved  by  a  very  delicate  galvatio* 
meter. 

Nq  perfect  Cdnducior. — Kven  the  best  conductors,  as  copper  and 
silver  and  gold,  are  imperfectly  so  ;  they  all  resist  the  current  more  or 
\es&. 

This  can  be  shown  with  the  galvaaometer,  which,  when  brought  d't- 
rectly  into  the  circuit,  shywr  a  dcflcclioii  of  the  needle.  When  short 
wires  of  copper  or  silver  are  intcriioscd  the  deflection  is  lessened. 

If  we  now  comprehend  the  terms  eleitro-mctive  force  antl  resistatue, 
we  shall  have  no  difficulty  in  comprehending  the  term  quantity,  for, 
•ccording  to  Ohm's  law,  the  quantity  varies  directly  as  the  clccuo-nio- 
live  force  and  inversely  as  the  resistance. 

7^  qaantUy  of  electrieity  is  the  amount  whiih  passes  through  the 
cirruit  in  any  ^tvea  time, 

Thi-s  depends,  according  to  Ohm's  law,  on  two  factors — the  eleetro- 
wuftive  farce  and  the  resistaitee.  The  quantity  varies  direetiy  as  the 
eleetro-motive  feree ;  and  if  there  were  no  resistance,  qiianiiiy  would 
be  precisely  lUe  same  as  electro-motive  force.  But  the  quantity  varies 
inversely  as  the  resistance^  and  therefore,  to  6Qd  out  what  the  quantity 
of  any  current  is,  we  divide  the  electro-motive  force  by  the  resisrance. 
The  fraction  thus  formed  is  the  quantity  or  the  strength  of  tlic  current, 
as  we  commonly  call  it.  There  are,  as  we  have  seen,  two  kinds  of 
resistance,  that  in  the  battery  and  that  in  the  circuit  outside  of  the  bat- 
tery ;  hth  of  these  must  be  taken  into  account  in  estimating  the  relation 
of  the  different  kinds  of  batteries,  and  in  selecting  batteries  for  special 
kinds  of  work.  Let  E  be  die  electro-motive  force,  K  the  resistance 
of  the  circuit  outside  of  the  battery,  r  the  resistance  in  tlie  battery; 

then =  Q,  the  quantity  or  strength  of  the  current — the  number  of 

farads  or  measures  of  electricity  that  flow  through  the  circuit  in  a  given 
lime.  The  correctness  of  this  m.ilhcmatical  conclusion  may  be  demon- 
strated  on  a  galvanometer  that  has  only  a  short  resisting  wire  ;  one  cell 
wilt  deflect  the  needle  nearly  as  much  as  one  hundred  cells.  Again, 
when  any  number  of  cells  ewe  joined  together  wtth  great  external  resist- 
ance^ such  as  is  offered  by  a  long,  fine  -wire,  or  by  the  whole  human  body^ 
for  example,  ih£  quantity  of  electrieity  that  flows  through  the  eircuH 
will  inereate  with  the  increase  in  the  number  of  cells. 

There  is  no  incon-ststcncy  between  these  phenomena.  It  is  indeed  a 
part  of  and  a  conclusion  from  Ohm's  law.     Everything  depends  on  the 
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txiemal  risistanc€.  Although  in  this  cas«,  as  in  the  other,  each  added 
cell  brings  in  tU  ova  internal  resistance  that  counterbalances  the  etec- 
tro-fuotive  force,  yet  the  interoal  resistance  bears  sa  smait  a  proportion 
to  the  luge  external  resistance  that  the  quantity  of  electricity  Sowing 
through  the  circuit  will  be  pretty  directly  proportioned  to  the  number 
of  cells. 

Still  keeping  Ohm's  law  before  us,  we  can  demonstrate  this  matbe- 
maiically. 

Let  the  electro-motive  force  of  any  cell  be  lo  volts,  aud  the  inierntu 
resistance  be  so  ohnia,  and  the  txternai  resistance  afforded  by  the 
AjfMMM  body  10,000  ohms.  The  quantity  of  a  single  cell  could  be  thus 
represented : 

10  tlee«ro-»ati*B  ftwee to  I 

Again,  we  may  illustrate  this  as  follows: 

One  hundred  rells  are  jouied  together  and  the  ends  are  connected 
by  a  short  wire.  Let  the  clcctro-motive  force  of  one  cell  be  10  volii 
or  units  of  ek-ctro-motive  force,  then  the  electro-tuotive  force  of  100 
cells  will  be  i,oqo  volts.  Let  the  rcsisuuice  in  each  cell  be  5  ohms^  or 
units  of  rc«&uince,  then  the  resistance  in  the  100  cells  witl  be  500 
ohms.  Let  the  resistance  of  the  short  connecting  wires  be  10,000 
ohms  :  now,  in  order  to  find  the  number  of  faraJs  of  electricity — that 
is,  the  quantity  or  strength  of  tlie  current  that  flows  through  the  con- 
necting wire — divide  tfu  tUttromotive  force  by  the  resistance,  and  we 
have  this  liaction : 

t.ooo  dcarotnobvc  tan*  l.M* 


t^OB  misuaeB  of  win,  and  fio  mucuKC  <d  buwiy        uueo 

This  fraction  reduced  =  /p  a  little  more  than  -jij,  which  fraction  rep- 
resents the  quantity  of  electricity  that  flows  through  the  wire. 

We  may  illuslrale  this  law  by  supposing  a  current  of  water  passed 
through  aji  ordinary  syringe.  The  ([uantity  of  water  that  flows  through 
the  tube  will  be  directly  proportioned  to  the  force  with  which  it  is 
urged  forward  by  the  piston  ;  this  force  would  correspond  lo  electro- 
Riotive  force.  The  friction  will  correspond  to  [he  internal  and  ex- 
ternal resistance  of  the  battery.  Now  if  we  divide  the  one  by  the 
other,  we  have  the  quantity  of  water  which  in  a  given  lime  llowfc 
throngb  tlic  lube,  or  the  strength  of  the  current.  In  this  way  we  can 
find  the  number  of  cubic  indies  of  water  that  flow  through  the  tube  in 
a  second  of  liuie,  jtut  a5  we  can  fmd  the  number  of  farads,  or  units  oC 
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quantity  of  electricily,  that  flow  through  x  cinniiL  It  followt  from  a£ 
ihii,  of  coai*e,  that  if  the  electro-rnotive  force  be  very  greatlj'  in- 
creased, the  resistance  being  the  same,  the  qaantity  most  be  increased  ; 
bat  if  the  resistance  be  increased  in  proportion  to  the  increase  of  the 
electro  motive  force,  the  quantity  will  not  be  any  greater. 

Absolute  Quantity  and  Actual  Quantity. — tt  also  follows  that  the 
absolute  quantity  of  any  batter)- — the  amount  that  It  is  capable  of 
generating — may  be  very  niucli  greater  than  the  attual  quantity  that 
it  sends  through  a  circtiit.  Everything  depends  upon  the  resistanee, 
iriwther  it  be  small  or  great 

Relation  af  Quantity  to  Electro-therapeutics. — It  is  important  to  know 
how  to  ascertain  the  quantity  of  electricity,  for  nearly  all  of  the  lead- 
ing actions  of  electricity  depend  on  quantity.  It  is  quantity  thar 
deflects  the  needle  of  the  galvanometer,  and  quite  accurately  mea- 
sures the  current  that  passes  through  the  wires  that  suirouml  the 
needle.  It  is  qoantity  that  decomposes  chemical  substances,  as  water, 
salts,  the  human  body,  etc.  Hence,  electrolytic  operations  largely 
depend  on  the  quintity  of  electricity  that  flows  through  the  tissues 
acted  on.  It  is  quantity  that  accomplishes  much  of  the  therupeutical 
effect  of  the  different  forms  of  electmation — although  tension  alone, 
with  very  small  quantity,  may,  as  in  the  case  of  frictional  or  frank- 
linic  electricity,  be  capable  of  therapeutical  effects.  Franfclinic  elec- 
tricity, however,  relieves  and  cures  disease  by  changing  the  electrical 
condition  of  the  patient,  by  giving  a  positive  or  a  negative  charge, 
more  than  by  the  passage  of  the  current  through  the  body,  and  the 
consequent  clcctrotonic  and  chemical  changes.  Ordinary  faradic  or 
galvanic  electricity,  on  the  other  band,  does  not,  as  many  suppose, 
charge  the  patient  with  electricity,  and  does  not,  by  its  direct  action, 
leave  any  more  electricity  in  the  body  than  it  finds  there.  If  they 
increase  or  diminish  the  natural  electricity  of  the  body,  it  is  indirectly 
through  the  effect  of  quanrity  of  electiidty  passing  through  the  tissues 
and  improving  nutrition. 

Under  this  head  come  these  important  practical  conclusions: 

First.  If  any  large  number  of  cells  every  way  similar  are  joined  in 
a  SHORT  CIRCL'IT  by  large  connecting  ivirtSy  and  unlhout  any  other  ex* 
ternai  resistance,  there  will  be  no  more  quantity  of  electricity  Rowing 
than  if  a  small  number  of  similar  cells  were  so  Joined- 

Although  each  additional  cell  increases  the  electro-motive  force,  yet 
it  also  increases  the  resistance^  as  we  have  alreaily  seen,  and  this  in- 
crease of  resistance  will  counterbalance  the  increase  of  electromotive 
force,  so  that  the  quantity  of  electricity  that  flows  through  the  circuit 
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will  be  about  the  same.  Ohm's  law  will  demonstTate  this  tnnthemati- 
caAVf.  Let  the  electro-motive  force  of  any  cell  be  lo  volts,  oi  units  of 
electro-motive  force,  and  the  reststaDce  of  each  cell  be  30  ohms,  or 
anics  of  resistance,  and  the  resistance  of  the  short  irire  2  ohms. 
Dividing  the  electro-uiotive  force  by  the  resistance,  we  have  for  a  single 
cell  )8'*^fl~il  =  A~'^^  qiianlity  that  one  celt  sends  through 
the  circuit 

Now  let  there  be  50  similar  celh,  and  our  fraction  nill  be  \^  x  \^ 
—  iVA  +  s  =  AVi  =  IH  —  *  fraction  that  varies  very  slightly  in 
value  from  -f^.  Let  there  be  1,000  cells,  and  we  have  this  fraction: 
H  ^  HH  =  kim  +  «  =  iHft-  The  result  stili  diflers  but  slightly 
from  those  previously  obtained. 

Stcendiy.  Zarge  ceils  connected  by  great  external  resisiaaee,  as  tkt 
human  body,  or  a  galvanometer  with  a  ton^i;  rejutance-coit^  d9  not  send 
wmrt  quantity  of  electricity  through  that  external  resistance  than  similar 
smaJi  cells. 

"Vhe  elecln)- motive  force  of  large  cells  is  no  greater  than  that  of  simi- 
lar small  cells,  as  we  have  already  seen.  The  resistance  is  less  because 
the  surface  of  the  plates  is  greater,  and  the  greater  the  section  the  less 
the  resistance,  as  has  already  beea  shown.  But  the  little  advantage 
thus  gained  from  large  cells  by  a  diminution  of  resistance  bears  so 
small  a  proportion  to  the  great  external  resistance  of  the  human  body, 
or  of  a  very  long  wire,  that  the  quantity  of  electricity  actually  sent 
through  the  circuit  will  not  be  materially  increased— at  least  by  any 
Tcasonable  number  of  cells. 

Here  agsun  Ohm's  law  comes  to  our  assistance,  and  fortifies  our 
statctnent  by  a  Hgi<I  mathematical  demonstration.  Let  us  suppose  a 
battery  of  100  small  celts.  Let  the  elcctro-moiive  force  of  each  cell 
be  10  volts.  Let  the  internal  resistance  of  each  cell  be  zo  ohms. 
Let  the  exicmal  resistance  of  the  human  body,  through  which  the  cur- 
rent is  to  be  made  to  pass,  be  10,000  ohms.  Now,  by  Ohm's  law,  to 
find  the  quantity  of  electricity  that  flows  through  tlic  human  body  when 
eodosed  in  the  circuit,  we  divide  the  electromotive  force  by  the  inter- 
nal and  external  resistance,  as  follows : 


MS  V  le  =  noa 


mJ«d  ^taOETuJ  rcMUMMe),  ■  too  «  m  ■  ■ODd^ieMRlftl'reuiUfiCc) 


Let  tis  now  suppose  100  similar  very  large  cells.  The  electro 
motive  force  would  be  the  same,  the  external  resistance  would  be  the 
same.  But  the  internal  resistance  of  the  battery  would  be  less  be- 
caaie  die  suriace  is  greater. 
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By  a  Iftw  previously  explained,  Uic  resistance  varies  inversely  as  tk 
sptan  of  the  sectten.  For  cocvenicnce  sake,  we  will  suppose  the  n 
ustance  of  the  large  cell  to  be:  -^  that  of  the  small  ones — thax  is  3- 
and  Ohm's  law  will  give  us  the  fallowing  fraction : 


tta  »  i»  B  looo  (dcdro-iDotiK  lorae} 


Kvooo  (mernal  reiuaiK:«)  loo  >  a  =  too        voaoo        lea 

— a  fraction  that  is,  it  is  true,  a  little  larger  than  '^,  but  not  enough  t. 
be  worth  considering. 

The  same  truth  may  be  shown  by  n  galvanometer  that  has  a  lonj 
resistance -coil.  If  the  Huid  be  raised  just  a  little,  so  that  eletnents  or* 
just  iiuuierscd  and  tiie  poles  are  connected  with  such  a  galvanoiiicler 
a  certain  dcHection  of  the  needles  will  taLe  place,  according  to  tin 
number  of  cells;  if  new  we  raise  the  fluid  still  higher,  so  that  all  tlx 
elements  ore  immersed,  and  four  or  hve  times  as  much  surface  i: 
brought  into  action  in  each  cell,  the  needles  will  not  be  much  mt>r< 
deflected,  but  will  remain  at  nearly  the  same  point  where  it  was  whci 
the  elements  were  first  immersed.  This  is  an  experiment  thai  w( 
have  made  repeatedly. 

For  the  galvanometer  substitute  the  human  body  from  the  hand  t< 
the  legs  And  wc  can  understand  the  great  fact  that  large  cells  do  no^ 
send  more  quantity  of  electricity  through  the  body  than  sntaU  ceils  oj 
similar  character. 

from  all  these  demonstrations  we  see  (hat  it  is  with  eleclricity  a* 
with  money — the  aheiutc  quantity  that  any  man  may  give  may  be  a 
very  small  fraction  of  the  actual  (.[uaiitily  that  he  can  he  made  to  give. 
A  millionaire  has  a  far  greater  quantity  of  money  than  one  who  has 
only  a  thousand  dolUirs,  but  the  one  may  not  give  a  dollar  any  easier 
than  the  other.  Under  great  pressure  the  millionaire  may  give  a 
thousand  times  more  than  the  poor  man,  just  as  a  battery*  of  laige  cells 
may,  before  small  resistance,  send  a  very  much  larger  quantity  of  elec- 
tricity than  a  similar  battery  of  small  cells ;  but  when  there  is  great 
resistance  it  may  send  very  little,  if  any,  more. 

In  electro- therapeutics,  as  in  telegraphy,  electro- metallurg}'.  and 
other  uses,  large  cells  have  this  advantage,  that  they  last  longer  and 
do  not  require  so  frequent  cleaning  and  filling. 

Althoiiyh  they  cannot  in  a  given  time  send  through  the  human  body, 
or  long  lines  of  wires,  any  more  ci\iantity  of  eleclricity  than  small  cells, 
yet  their  reserve  quantity  is  much  greater,  and  in  proportion  to  their 
size  they  will  held  out  longer  and  keep  up  a  mure  uniform  current. 
The  poor  mail  may  give  ttve  dollars  as  easily  as  the  millionaire,  but 
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under  great  pressure  the  millionaire  cmn  keep  on  giving  out  five  dolUnr 
long  after  the  resources  of  the  poor  man  arc  exhausted. 

Large  cells  may,  for  electro-therapeutical  purj^toses,  have  the  advan- 
tage of  steadiness  of  current ;  llierc  would  appear  to  l>c  less  Jiueiuaiwn 
in  the  strength  of  the  current  from  moment  to  momeut  than  wheo  the 
cells  are  small. 

In  Kfuall  cells  the  degree  of  the  internal  resistance  and  the  extent  of 
the  chemical  action  may  vary  more  or  less  from  moment  to  moment, 
owing  to  the  polarization  of  the  elements  and  the  deposition  of  the 
salts  in  the  solution.  This  fluctuation  is  moat  marked  In  batteries 
where  the  action  is  very  energetic-  Small  single  cells  especially  the 
zinc-caibon  batteries,  lose  much  of  their  power  during  a  long  opera- 
tion. Tlie  popular  notion  that  large  tells  hai:€  a  thrrapetttic  attpan- 
tage  over  small  tells  by  sending  a  larger  quantity  of  eUetriaty  through 
tk«  body  is,  in  the  light  of  Ohnis  iaw^  as  well  as  in  the  light  of  expe- 
riente,  errontous. 

Thirdly.  For  tht  eleetro-themicat  decomposition  of  water,  salts,  and 
Ike  human  body  (eleetre/yjis),  a  considerable  number  of  cells  of  medium 
tise,  neither  very  large  nor  very  smalt,  and  in  which  the  ehemtcaJ  action 
it  powerful,  are  required. 

The  resistance  of  the  limited  portion  of  the  human  body  usually 
submitted  to  circttolytic  operation  is  great,  though  not  so  great  as  that 
of  the  whole  body;  and  as  we  have  seen,  before  a  great  resistance, 
very  large  cells  give  no  greater  quantity  in  a  given  rime  than  cells  of 
moderate  si/e.  If  the  cells  are  loo  small,  however,  they  will  soon 
become  exhausted.  For  electrolytic  operations,  the  ordinary  zinc-car- 
bon ot  Walker's  batteries,  as  manufactured  in  this  country  by  the  Gal- 
vano-faradic  Manufacturing  Co.,  Kidder  and  others,  answer  very  ex- 
cellently most  of  the  purposes  of  eleclrolj'sis.  They  have  more  electro- 
motive force  than  Smee's  elements,  and  .ilthough  not  as  enduring,  they 
yet  give  a  greater  quaniily  of  electricity  for  a  short  time,  which  is  of 
coarse  the  great  requisite  in  electrolytic  operations.  The  resistance 
of  the  skin  is  very  great,  but  in  eIectrol>'si5  the  needles  go  beneath  the 
skin,  and  arc  placed  near  each  other.  The  resistance  is  very  much 
less  than  in  external  applications  when  the  electrodes  are  far  apart; 
hence  it  is  an  advantage  in  electrolysis  to  have  cells  of  good  rijw, 
though  not  of  the  largest 

Fourthly,  fVhen  a  short  platinum-wire  in  a  short  circuit  is  to  be 
heated,  as  in  galvano-eautery  operations,  a  very  few  large  cells  or  a 
tingle  rery  large  cell  is  preferable  to  a  large  number  of  small  cells. 

This  &ct  has  long  been  practically  recognised,  and  all  the  batterie* 
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for  galvano-cautcry  opcratioDs  ue  constructed  on  this  principle.     Tbe 
reason  for  Ihis  (a  not  so  well  understood ;  Ohm's  law  g;ives  us  the  ex* 

planiLtion. 

Platinum  wire,  though  it  resists  the  ciirreot  very  powerfully  as  com- 
pared  with  silver  or  copper  wire,  yet  offers  a  very  sroill  reBiBtance  as 
compared  with  water  or  tbe  human  body,  or  rfry  /&ng  wire  of  any  kind. 
Hence,  in  the  galvano-caittery  instruments,  the  txttruai  resistance  is 
small,  being  not  vcr)'  much  greater  than  the  internal  resistance  of  the 
batteries,  perhaps  not  so  great.  Now,  before  a  large  external  resist, 
ancc — the  human  body,  or  very  long  coils  of  wires — the  surface  of  the 
elements  is  used  to  the  best  advantage  when  cut  up  into  small  cells ; 
'before  a  small  resistance,  tiie  surface  of  the  elements  is  used  at  the 
best  advantage  when  cut  up  into  a  few  large  cells,  or,  if  the  external 
resistance  be  very  filighi  indeed,  a  single  large  cell  will  be  belter;  for 
wc  have  previously  shown  that,  in  a  short  circuit,  one  cell  gives  as 
much  quantity  of  electricity  as  one  hundred,  or,  indeed,  any  number  of 
cells. 

Lei  us  suppose  too  small  cells ;  let  each  cell  have  an  electro-motive 
force  of  lo  volts  and  a  resistance  of  ao  ohms.     Let  there  be  enclosed; 
in  a  circuit  the  human  body,  or  a  very  long  coil  of  fine  wire,  that  gives 
a  resistance  of  10,000  ohms.     Then,  according  to  Ohm's  law,  we  have 
the  following  fraction ; 


(CSOM  CNUnut  rauiUBM  mo  k  •»  =  aixu  in  lemol  rttituaee        n 

irhicb  represents  the  quantity  of  electricity  that  £ows  through  the 
circuit.  Suppose  now  one  celt  of  tlie  same  character,  but  very  mudk< 
larger,  sends  a  current  in  a  short  circuit — through  a  short  platinum- 
wire,  such  as  is  used  in  the  galvano-cautcry  for  cnuleridng  surfaces. 
Suppose  the  external  resistance  of  this  short  circuit  be  9  ohms.  The 
electro-motive  force  of  the  large  cell  is  no  more  than  that  of  the  small 
cdl ;  the  internal  resistance  of  the  battery  is  very  much  less,  for,  as  we 
have  seen,  the  resistance  diminishes  as  the  surface  increases.  For 
convenience  soke,  we  will  suppose  the  internal  resistance  of  the  large 
to  be  |>j  that  of  the  small  cell — that  is,  1.  Now,  dividing  the  electro* 
Qiodve  force  by  the  resistance,  according  to  Ohm's  law  we  have  this 
result: 

10  eki;iTii-ino«i»*  foroe  lo 


f  ciKtiuJ  reHusnce  '•■  i  iuicnut  rcuauace      lo 


the  quantity  of  clectridty  that  flows  through  the  circuit,  iw  twelve  timet 
as  much  as  with  100  small  cells. 
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Suppose  now  this  one  large  cell  be  connected  by  a  long  and  fm 
platiouin-Trire,  sucli  as  is  used  in  the  removal  of  tumors  by  galvano- 
cautery  operations.  The  reustaoce  will  of  course  be  greater,  for  two 
rcAsoiUi  because  the  wire  is  lun^r  and  because  it  is  6ncr;  for  the  law 
Vk,  the  less  the  surface  or  section  the  less  the  resistance. 

Suppose  the  resistance  be  19  ohms.  Dividing  the  electro-motive 
force  by  the  resistance,  we  have — 

■p  citcniiJ  roulanoe  «  i  inlrm>l  mluanco      k>      • 

tiiai  it,  one-half  the  quantity  of  tledrUity  thai  there  was  when  a  short 
\flatinumwire  -was  in  the  circuit.  Very  likely  this  would  not  be 
enough  to  heat  the  wire  and  keep  it  hot  during  a  long  operation. 
This  law  coines  to  our  rescue,  and  helps  us  out  of  this  as  of  so  maoy 
other  difficulties.  Cut  up  the  one  large  cell  into  two  cells,  and  inter- 
pose the  long  fine  platinum-wire  m  the  circuit.  The  electro- motive 
force  mil  be  doubled,  (he  external  resistance  will  be  the  same ;  but 
the  internal  resistance  will  be  greater  because  tlie  surface  is  diminishetL 
Dividing  the  electro-tnotive  force  by  the  resistance,  our  fraction 
tCands  thus : 


which  is  nearly  double  the  quantity  of  electricity  sent  through  the  long 
wire  by  a  single  cell.  Thus  is  explained  the  fact  that  the  best  galvano* 
cautery  batteries  are  arranged  so  as  to  be  thrown  into  one  lai^ge  cell, 
,or  cut  up  into  several  celts,  according  as  a  short  or  long  wire  is  to  be 
heated. 

It  Mas  been  found  by  experiment  that  the  heat  developed  by  the  eurreiU 
M  ttny  Hfire  is  proportioned  tc  the  squares  of  the  quantity  of  electricity 
that  flouts  through  it. 

This  is  demonstrated  by  passing  a  current  tlirough  platinum- wires  in 
■  boitle  of  alcohol.     The  heat  is  communicated  to  the  alcohol,  and  the 
^tfiemiometer  shows  the  temperature.     It  is  found  if  a  current  of  a  cer- 
tain quanlity  raises  the  temperature  10,  a  current  of  twice  that  strengtb 
will  raise  it  40. 

Again,  it  is  found  by  experiment  that  the  heat  developed  by  the  (ur* 
rent  in  any  wire  is  preportioneit  to  the  resistance  of  the  wire. 

This  is  demonstrated  with  the  arrangement  just  described,  by  insert- 
ing a  rheostat  whose  resistances  are  known,  so  as  to  keep  the  quantitjr 
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of  electricity  constant  at  a  fixed  pmnt,  and  then  inserting  platinum 
wires  of  different  lengths  into  the  bottle. 

From  all  this  it  follows  that  batteries  for  galvano-cantery  should 
have  large  surfaces  and  a  small  number  of  cells,  and  that  they  should 
be  arrai^ed  so  that  the  surface  may  be  used  as  one  or  two  cells  or 
cut  tip  into  four  or  ax^  according  a»  short  or  long  wires  arc  to  be 
heated. 

FifiM)'.  It  /allotas  that  the  date  of  an  tlecirieal  appUeation  camwt 
be  atcurately  described  by  stating  the  number  of  tells  and  the  length  of 
the  sitting. 

This  conclusion  ie  an  important  one.  and  for  wont  of  a  knowledge  of 
it  electro-therapeutists  condnuaJly  blunder. 

Supposing  now  that  we  are  treating  a  patient  locally  or  centrally  by 
the  galvanic  current,  and  we  Acme  to  transfer  the  patient  to  another 
ph>'sician.  We  inform  the  physician  to  whom  the  transfer  is  made,  that 
we  are  treating  the  patient  wiUi  ten  cells  for  ten  minutes,  and  we  desire 
that  he  should  continue  to  give  tlie  same  dose.  In  the  light  of  Ohm's 
law,  let  us  see  what  »ucl]  instructions  are  realty  worth.  The  quantity 
of  electricity  that  passes  through  the  palienc  in  a  mmute  is  equivalent 
to  the  electromotive  force  divided  by  the  resistance;  multiply  the  quo- 
tient tlius  obtained  by  ten,  and  we  have  the  dose  of  electricity  that  the 
patient  receives  in  ten  minutes.  If,  now,  all  die  factors  that  determine 
the  electromotive  force  and  the  external  and  internal  resistance  were 
constant  and  were  accurately  known,  and  if  they  were  the  saxac  for  all 
batteries  and  all  modes  of  application,  then  (he  dose  thus  ordered 
would  be  a  mathematical  one,  and  could  be  mathematically  followed. 
Ko  forms  of  error  are  so  erroneous  or  so  illusory  as  those  that  approach 
us  under  cover  of  facts  and  figures.  In  otu*  very  attempt  to  be  accurate 
we  stumble  into  gross  inaccuracy.  Had  we  left  the  whole  matter  to  the 
judgment  of  the  physician,  with  some  general  suggestions  as  to  tlie  sus- 
ceptibility of  the  patient,  we  should  have  come  far  nearer  the  truth,  aa 
will  be  apparent  by  the  following  considerations. 

The  cicctio  motive  force  varies  in  different  batteries,  and  in  the  same 
battery  at  different  times.  Grove's  battery,  for  C3uunpte,  has  four  times 
tile  elect ro' motive  force  of  Smec's  baltery  in  action,  and  twice  the  elec- 
tro-motive force  of  line  and  copp<;r,  or  Daniell's  battery.  Then,  again, 
the  electro- motive  force  will,  in  some  batteries,  as  Smec's  or  Walker's, 
fall  off  during  an  application ;  and  in  all  batteries,  however  constructed, 
the  electro-motive  force  varies  at  different  times,  from  causes  not  ye* 
determined 

Bat  the  electro-motive  force  is  constancy  itself  in  comparison  with 
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ih«  voriatioDs  of  the  internal  and  external  resistances.  Beginning  with 
tbe  iDlcmal  resistance,  wc  6nd  lliat  for  a  Grove's  cell,  containing  one 
pint  of  liquid,  it  is  very  »autl,  less  than  one  ohm ;  for  a  Danicll's  ccU» 
5  to  1 5  ohmK,  and  for  a  Sniee's  cell,  less  than  one  ohm.  The  mtcmal 
rcfistancc  varies  with  the  ^c  and  shape  of  the  cell,  the  distance  of  the 
plates  from  each  other,  and  with  the  length  of  time  that  the  battery  is 
in  action.  Even  if  the  cleciro-motivc  force  and  external  resistance 
were  accurate  and  constant,  the  variations  in  the  internal  resistance 
would  be  sufficient  to  vitiate  all  attcmiJts  at  prescribing  electricity  by 
the  number  of  cells. 

But  it  is  in  the  external  resistance  that  we  find  the  greatest  variation, 
uncertainty,  and  inconstancy  in  applications  of  electricity  to  the  human 
body.    The  external  resistance  depends  on  the  following  factors : 

isL  Tbe  size  and  construction  of  the  wires  that  connect  the  batteiy 
with  the  electrodes.  The  larger  the  section  the  less  the  resistance, 
and,  therefore,  large  wires  will  conduct  more  than  small  one*.  A  cer- 
tain conventional  size  is  manufactured  by  each  instrument-maker,  but 
the  siies  vary  with  different  makers. 

ad.  Tlie  size  and  shape  of  the  electrode.  Up  to  a  certain  point, 
vaiying  with  the  number  of  cells,  a  large,  broad  electrode  will  conduct 
more  than  a  small  and  narrow  one.  A  metallic  electrode  conducts 
much  better  than  a  sponge;  flannel  conducts  much  better  than 
age,  but  worse  than  racial.  The  difference  in  the  conducting  power 
of  metal,  sponge,  and  flannel,  is  great.  A  current  which  is  jminfiil  when 
applied  by  a  metal,  and  is  quite  jwrceptible  when  applied  by  a  flannel 
or  chamois,  is  not  felt  at  all  when  applied  by  a  sponge.  The  painful* 
nets  of  an  appUcation.  it  is  true,  does  not  depend  on  the  amount  of 
electricity  that  passes,  but  is  also  modified  by  the  extent  to  which  the 
current  h  diffused.  This  would  depend  on  the  action  of  the  electrode. 
With  the  same  current  passing,  the  hand  of  the  operator  would  probar 
bly  be  less  irritating  than  a  sponge  or  flannel. 

jd.  Tbe  quantity  and  quality  of  the  liquid  used  to  moisten  the  elec- 
trodes. Electrodes  that  are  perfectly  dry  conduct  but  little,  at  least 
with  currents  of  ihe  tension  used  in  electro-therapeutics.  Electrodei 
that  are  wet  with  warm  water  conduct  better  than  those  that  arc  wet 
cold  water ;  and  diose  that  are  wet  mth  warm  sah-water  conduct 

ESC  of  all.  The  difference  in  the  conductivity  of  a  sponge  wet  with 
jraple  cold  water  and  one  wet  with  warm  salt-water  is  so  great  that  a 
'  current  which  is  not  felt  when  applied  by  Ibe  former,  becomes  unbearable 
when  applied  by  the  latter. 

4th.  The  amount  of  pressure  that  is  used  on  the  electrodes.  If  tbe 
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wet  sponge  is  lightly  pressed  it  conducts  but  little,  and  its  conducrivitj 
increases  with  the  pressure.  Firm  pressure  moistens  the  sliin  more 
thoroughly,  and  thus  increases  its  conchirtivity,  and  at  the  tame  lime  u 
brings  iuto  coaplalioo  all  parts  of  the  sponge,  so  that  it  be<:ouies  well 
laturated. 

5th.  The  position  and  extent  of  tlie  body  included  between  the  elec* 
trodes.  This  factor  is  a  most  important  one,  and  it  has  been  unac- 
countably overlooked  in  all  disaissions  on  Uiis  subject.  'ITie  difference 
in  the  conductivity  of  the  bones  and  soft  tissues  is  all  the  difference 
between  twenty  and  one,  and  in  all  parts  llie  conductivity  is  niodilied 
by  age,  by  tcmperaraent,  and  by  disease.  The  resistance  of  tlic  whole 
body,  from  one  hand  to  the  other  through  the  shoulders,  is  about  seven 
or  eight  times  the  resistance  of  the  Atlantic  cable,  and  the  resistance  of 
liie  whole  lengtii  of  thi:  body,  from  the  li;:a[l  and  hhcuUk'rs  to  the  feet. 
is  probably  greater  than  that.  J:jut  the  resistance  of  any  limited  portion 
of  the  body,  as  the  head,  or  spine,  or  cervical  iiymp;Uhctic  and  pncu- 
mogaslric,  or  individual  muscles  or  nerves,  must  be  only  a  fractional 
part  of  the  resistance  of  the  whole  body.  Other  conditions  being  the 
same,  the  nearer  the  electrodes  are  to  each  other  the  less  llie  resistance. 
This  may  be  illustrated  by  an  experiment  that  we  have  frequently  tried. 
If  one  electrode  be  put  in  the  vagina  and  the  other  in  the  rectum,  a  cur- 
rent of  but  two  or  four  cells  may  be  painfully  felt;  but  if  one  of  the 
electrodes  is  placed  externally  on  the  back  or  bypogastrium,  a  current 
of  a  dozen  or  more  cells  may  be  scarcely  perceived.  The  same  experi- 
ment may  be  tried  on  the  back ;  placing  one  pole  on  the  nape  of  the 
neck  and  the  other  at  the  lower  end  of  the  spine,  a  current  that  is  just 
perceptible  at  first,  as  the  electrode*  approach  each  other  becomes 
positively  unbearable. 

6th.  The  length  of  the  application.  When  the  galvanic  current  ia 
first  applied  to  the  body  by  wet  sponges,  but  little  sensation  is  experi- 
enced on  the  skin  ;  but  in  tite  course  of  a  few  seconds  a  burning  ]>ain  is 
felt,  tliat  increases  with  the  length  of  the  application.  This  is  explained 
in  part  by  the  chemical  changes  that  take  place,  and  in  part  by  tlie  fact 
that  as  the  skin  becomes  more  and  more  moistened  by  the  pressure  t^ 
the  wet  sponge,  and  the  skin  under  the  electrode  becomes  more  and 
more  congested,  the  resistance  is  diminished.  Consequetitly,  toward 
the  close  of  even  &  very  short  application,  more  electricity  passes,  all 
other  conditions  being  the  same,  than  at  the  beginning.  On  this 
account  it  frequently  becomes  necessary  to  reduce  the  number  of  cells 
during  the  silting,  especially  when  the  electrodes  are  kept  all  tlie  time 
on  one  spot     Thus  it  becomes  clear  that  any  attempt  to  prescribe  the 
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dose  of  electricity  by  the  number  of  cells,  la  ordinary  exiernai  applica' 
lions  to  the  body,  must  fail  of  its  object.  In  electrolysis,  wheie  ttie 
needles  are  alirays  united,  near  to  each  other  and  under  the  skin,  the 
chances  for  error  arc  not  so  great,  since  there  is  much  less  variation  in 
the  lesutance.  K,  in  describing  an  electrolytic  operation,  we  specify 
the  kind  and  number  of  cells  uscti.  and  rhc  mode  a.nd  length  of  opera- 
tion, we  convey  a  tolerably  correct  idea  of  what  was  rcatly  done.  The 
time  may  come  in  the  a<lvance  of  science,  after  physiology  &hall  have 
found  its  Newton  to  reduce  its  present  chaos  to  order  and  law,  when 
it  shall  be  possible  to  prescribe  so  many  farads  of  electricity,  repeated 
three  times  a  week,  as  we  duw  preiicribe  so  many  grains  of  bromide  of 
potassium,  or  so  many  drops  of  laudanum,  repeated  three  times  a  day  ; 
but  for  the  present  we  can  rest  as-tnred  that  when  we  describe  tlic  cur- 
rent that  we  employ  as  mUJ,  or  medium,  or  sttvng,  and  have  staled  the 
method  and  length  and  frequency  of  application,  we  have  attained  all 
the  accmacy  ttiat  science  will  allow. 

Although  the  above  statements  have  reference  only  to  the  galvanic 
current,  they  just  as  truly  apply  to  the  faradic  ;  for  induced  as  well  as 
galvanic  electricity  is  subject  to  tlie  law  of  Ohm.  One  difference,  how- 
ever, should  be  noted,  that  on  account  of  the  slighter  chemical  action 
of  the  faraa*.  furreiil  Uie  resislance  of  the  skin  beneath  the  electrodes 
does  not  diminish  with  the  length  of  the  application.  For  the  above 
reasons  the  graduated  scales  that  accompany  some  of  the  faradic 
machines  for  dcctro-therapeutics  are  of  but  little  practical  value. 

Finally,  Ohm's  law  explains  ihc  fact  of  observation,  that  when  the 
pole*  of  a  galvanic  battery  ore  metalticaUy  connected,  the  chemical 
action  in  the  battery  is  greatly  increased  and  tlie  plates  rapidly  de- 
stroyed. The  metals  being  beirer  conductors  than  the  body,  conduct 
a  much  greater  quantity  of  electricity  ;  and  as  the  potential  qitantily  of 
electricity  that  any  battery  is  capable  of  generating  is  limited,  then 
when  the  resistance  between  the  poles  is  least,  the  action  must  be 
strongest,  and  the  metals  the  most  rapidly  consumed.  Neglect  in  this 
retard  causes  the  pieniatuie  destruction  of  many  batteries. 
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CHAPTER  I. 

KXtJiTtON  0»    tlECTRO-PHVSI0L0r.V  TO    KLECTRO-THKRAPEimCS— 
AKIMAL  ELBCnilCnT, 


EUctrO'Phys'whgy  is  the  sdemt  whUh  treats  both  of  the  laws  of 
animai  eltctrieiiy,  and  also  pf  the  phenomena  produced  by  the  action  of 
tieelricity  on  the  body  in  health.     We  propose  to  present  this  subject 

tas  coiiipActly  as  possible,  and  consequently  shall  spcaV  only  of  those 
£u:l3  that  are  necessary  for  a  true  appreciation  of  the  science,  atK) 
chiefly  of  those  that,  directly  or  mdirectty,  have  a  practical  bearing  on 
electro-therapcu  lies. 

Impvrtanie  of  a  Knowledge  of  Eleetre-phymlogy  to  the  Eleetro-thera- 
Peutist.^h  is  of  course  pos^ble  to  use  electricity  successfully  in  thera- 
peutics without  any  thought  of  its  pli)'siological  aclion,  anJ  ihonsands 
have  so  nsed  it.  It  is  possible  to  relieve  pain  of  almost  every  variety, 
and  to  cure  any  of  the  curable  forms  of  paralysis,  without  understanding 
anythinjj  of  the  action  of  electricity  on  niitrilion  or  on  the  nornial  mus- 
cle. Any  old  country  granny,  the  stupidest  of  nutses,  an  infant  even, 
can  hold  two  sjwnges  on  a  part  of  die  surface  of  the  body,  and  let  the 

tcurrent  run.     lliose  who  aim  no  higher  than  this — the  indiscriminate 

rbolding  of  electrodes  on  palient.s — need  give  no  thought  to  electro- 
physiology  ;  need,  indeed,  waste  no  time  on  this  or  on  any  other  work  of 
elcctio-therapeutics  :  they  du  not  even  need  to  trouble  themselves  with 
the  details  of  the  applications  but  have  simply  to  delegate  them,  with- 
out reserve,  to  the  nearest  nurse  or  clodhopper.  Those,  we  aissert,  who 
um  no  higher  than  this  will  fall  short  of  even  that :  their  success  in 
relieving  symptoms  by  electrization  will  be  so  capricious  and  illusory, 

,  that,  in  time,  they  will  abandon  the  attempt,  allow  their  battery  to  grow 
rusty  in  the  garret,  and  ihencefortli  they  will  condemn  and  despise  »d- 
CDtific  and  successful  clectro-thcrapcutists. 
Tlie  electro-therapeutist,  above  all  others,  should  start  out  under  the 

'inspiration  of  the  motto  of  Ihe  late  President  Dwight :  "  Aim  high,  for 
you  will  be  sure  to  come  short  of  your  aim-"  To  apply  electricity  after 
the  majiner  of  nur^s  and  "rubbing  doctors,"  is  not  using  it,  but  abuft> 
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Those  who  aspire  to  mastership  in  electro-therapeutics  wilt  not  be  con 
lent  mth  the  mere  attempt  to  relieve  sympioras  ;  ihcy  will  seek  to  5tu<lj 
(hose  most  complex  and  subtle  diseases  for  the  treatment  of  which  elec 
tricty  is  indicated  ;  they  will  resort  to  this  force  for  diaynostic  as  well  ai 
therapeutic  aid  ;  they  will  strive  to  know  not  only  how  to  use  it,  tnit,  whai 
is  more  difficult,  how  not  to  use  it.  He  only  can  reap  the  full  and  ricV 
harvest  of  elect ro-therapeuiita,!  science  and  ait  who  sows  beside  all 
waters  ;  he  must  become  more  or  less  proticient  in  neurology.  In  electro- 
physics,  ajid  in  electro-physiology.  He  who  lias  a  knowledge  of  tlie 
laws  of  animal  electiicity,  and  the  actions  and  reactions  of  franklinic, 
galvanic,  and  faradic  electricity  on  the  brain,  spinal  cord,  and  sympa- 
thetic ;  on  the  nerves  of  motion  and  of  common  and  special  sense  ;  on 
voluntary  and  involuntary  musclesj  on  the  skin,  and  on  all  the  %'ariou9 
passages  and  organs  of  the  body  in  health,  and  also  of  the  clcclro-con- 
ductivily  of  the  body,  will  find  the  paths  of  electro-diagnosis  and  of  elec- 
tro-therapeutics illumined  at  every  step  by  such  knowledge*  and  will,  in 
the  end,  make  more  correct  interpretations  of  disease  than  he  who 
merely  holds  electrodes  on  patients  without  any  higher  aim  ;  and  more 
than  that,  he  will  he  introduced  into  a  field  of  thought  and  experiment — 
a  field  surpassingly  rich  and  fruitful,  and  i>ing  in  close  relation  to  all 
departments  of  physiology,  of  pathology,  and  of  biolog}',  where  he  can 
study  science  for  its  own  sake,  widiout  regard  to  its  immediate  practical 
value. 

In  the  above  remarks  we  do  not  wish  to  be  understood  as  subscrib- 
ing to  the  nnllon,  quite  popular  among  some,  that  clcctro-therapcudcs 
must  be  based  on  electro-physiology ;  very  far  from  it :  the  two  sciences 
are  closely  related  and  are  of  reciprocal  assistance,  but  one  is  not  built 
up  on  the  other.  Neither  are  exact  sciences,  and  may  never  become 
such.  Pathology,  though  it  b  but  "  the  shady  side  of  physiology,"  yet 
M>  complicates  therapeutics  that  electro-physiology  cannot  become  a 
reliable  basis  for  electro- therapeutics.  The  two  sciences  are  pursuc<l 
mainly  by  diiferent  methods:  electro-physiology  is  a' science  of  experi- 
ment ;  electro-therapeutics  is  a  science  of  experience. 

Eiectro-physiohgy  largely  Studied  by  Experiments  en  the  Living  Hu- 
man Subject. — An  advantage  of  great  import  to  clectro-physiolog)',  and 
one  that  especially  commends  it  to  the  elcctro-thcrapcutist,  is  that  it  is 
largely  based  on  experiments  made  on  the  living  human  subject.  .  True 
enough,  thousands  of  frogs  have  given  up  their  lives  in  the  electro-physi. 
ological  laboratory,  and  dogs  and  cats,  rabbits  and  guinea-pigs,  rats,  and 
monkeys  even,  have  been  subjected  to  electric  tests  while  living,  in  health 
and  uninjured,  wlule  dying,  and  when  dead ;   but  some  of  the  most 
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interesting  and  suggestive  phenomena  of  this  science,  those  which  have 
the  nearest  practical  relation  to  electro-therapeutics,  can  be  best  studied 
on  the  linng  human  subject,  and  without  injunng  the  Mibject  experi- 
mented on.  This  is  the  supreme  advantage  of  the  study  of  the 
physiological  action  of  electricity  over  the  study  of  the  physiological 
action  of  ihe  majoiity  of  drugs.  The  objection  50  often  made  against 
experiments  made  with  medicines  on  inferior  4»iiiinls,  tliat  they  do  not 
leach  ihe  action  of  such  medicines  on  the  human  body  in  disease. 
cannot,  therefore,  apply  to  elcctro-physiology,  except  to  a  limited 
degree. 

Not  a  few  of  the  physiological  reactions  uf  the  human  body  to  elec- 
tricity can  be  studied  while  making  therapeutical  applications.  The 
reaction  of  voluntary  muscles,  of  the  motor  and  sensory  nerves,  of 
some  of  the  nerves  of  special  scn<ic,  to  elcclncity,  and  the  general  effects 
of  electricity  on  nutrition,  are  taught  us  every  time  we  electrize  a  patient 
by  any  of  the  familiar  methods  of  application.  Electro-physiology  and 
electro-therapeutics  tlius  go  hand  in  hand. 

714^  Loialisation  of  EUciricity  in  ihe  Body  an  Advantage  in  Studying 
Us  Physiotogieal  Effect. — The  drugs  with  which  wc  cx]Jcrir>icnt  on  anj. 
mals,  in  order  to  learn  their  physiological  action,  are  usually  absorbed 
and  carried  through  the  whole  system;  to  confine  their  action  to  any 
part  or  member  is  impossible.  If  they  select  any  organ  on  which  to 
expend  their  force  in  preference  to  other  parts,  it  is  by  virtue  of  tlieir  in- 
herent affinity  for  such  organ,  and  not  from  any  power  in  the  experimenter 
to  confine  them  tlicre.  Bui  electricity  can,  to  a  certain  extent,  be  local- 
ized in  a  muscle  or  nerve,  or  in  some  special  organ ;  thus  its  etfects  can 
be  studied  with  greater  precision  and  certainty  than  the  effects  uf  drugs 
internally  administered.  Thus  the  physiological  action  of  electricity  has 
•  specially  practical  bearing  on  its  therapeutical  action, 

Animal  EUetririty  is  the  EUciriaty  that  txists  in  Animal  Bodies, 
Xltetrie  Fishes. — The  most  remarkable  display  of  animal  etcctricily 
ipears  in  certain  varieties  of  tithes.  At  a  very  early  period  it  was 
known  that  a  certain  Hat  fish  had  not  ouLy  the  power,  when  louclied,  to 
give  forth  shocks,  but  could  impart  to  other  bodies,  for  some  distance 
tlirough  the  water,  a  benumbing  influence.  This  phenomenon  was  tirst 
proved  by  actual  experiment  to  be  of  an  electrical  nature  as  early  as 
'77i  't  ^n<l  soon  after,  by  means  of  a  number  of  Leydr^n  jars,  connect- 
ing with  a  disk  of  leather  or  wood,  either  side  of  which  was  covered  by 
linfoil,  an  artificial  torpedo  was  constructed.  The  subject  of  animal 
electiicit)-  is  one  of  great  scientific  Interest,  and  may  in  time  become 
of  direct  ptactical  value  lo  electro-therapeutics.     This  peculiar  power 
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is  possessed  only  by  a  small  Dumber  of  tishes,  the  best  known  of  whicb 
are  the  torpedo  or  tkctric  ray,  ihe  gymnotus  or  electric  ett,  and  the 
tttetric  shad. 

This  development  of  electricity  does  not  take  place  in  all  parts  of 
the  fish,  but  is  confined  to  a  pt-cuHar  expansion  of  the  nervous  system, 
called  ihe  electrical  organ.  The  nerves  constiluiiug  the  electrical  or- 
gans of  the  torpedo  and  gymnotus  are  of  great  size.  Those  of  the  ftw- 
mer  consist  of  three  principal  trunks,  and  arise  from  the  cerebro-spinal 
systau  ;  while  the  nerves  composing  the  electrical  organs  of  ihe  latter 
arc  derived  from  Ihc  spinal  cord  alone,  .^s  stated  above,  the  phenom- 
ena produced  by  these  fishes  arc  similar  to  those  which  are  obtained 
from  electricity  that  is  artihcially  generated. 

If  electric  fishes  are  touched  with  the  hand,  a  shock  is  perceived,  while 
if  glass,  resin,  or  any  other  non-conductor  is  intervened,  no  effect  is 
produced 

Sparku  may  be  drawn  from  them  tn  the  same  way  that  they  are  drawn 
from  other  bodies  that  are  artificially  diarged  with  electricity.  The 
current  obtained  from  them  will  magnetize  sleel  needles,  decompose 
water,  and  if  the  needle  of  a  galvanometer  be  brought  into  the  circuit  it 
will  immediately  suffer  dellection,  *o  that  ihe  direction  of  the  current 
may  be  readily  determined. 

The  electric  force  of  the  tish  is  much  weakened  after  it  has  exerted 
its  power  a  number  of  limes  in  cpiick  succession,  and  it  requires  rest 
and  nourishment  to  enable  it  to  recover  its  normal  vigor. 

History  ef  the  Disccrvery  of  Electricity  in  the  Body  of  Man  and  other 
Animals. — We  have  already  seen  (HlecEro-Fhysics,  p.  4S)  that  Galvani 
discovered  in  17S6  that  muscular  contraction  follows  the  contact  of  the 
nerves  and  muscles  of  a  frog  with  a  heterogeneous  metallic  arc.  Krom 
this  observation,  and  from  subsequent  study  of  the  subject,  Galvani  was 
inclined  to  believe  and  to  declare  tliat  in  the  tissues  of  animals  there 
exists  a  Bpcclal  independent  electricity,  which  he  called  animal  eleC' 
tricity.  Although  Galvani's  conchisions  were,  as  wc  now  know,  not  en- 
tirely logical,  yet  he  stumbled  on  an  important  discovery  that  was  des- 
tined to  be  demonstrated  and  confirmed  by  other  and  later  observers. 

There  is  such  a  force  as  animal  electricity,  but  the  experiments  of 
r.alvani  are  explained  by  contact  of  dissimilar  substances  and  by  the 
chemical  action  of  the  fluids  of  the  body  on  the  metals,  and  not  by  the 
electricity  of  the  body. 

VoUtis  Rf searches  have  already  been  given  in  Electro-Physics  (p.  50). 

Humholdfs  Researches. — In  1 799  Humboldt  published  a  work  contairv- 
iDg  the  result  of  many  and  curious  experiments,  the  object  of  which  was 
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to  show  that  both  Volta  and  Galvaoi  were  right  and  both  wrong ;  that 
there  was  such  a  thing  as  animal  electricity  ;  that  Galvaniwas  in  error 
in  regarding  it  as  the  only  form  of  electricity  that  appeared  in  his  cx« 
{wrimcnts  ;  and  that  Volta  was  in  error  in  refusing  to  admit  its  exist- 
ence. 

AiJinFs  andNahills  Researihes. — In  1803  a  nephew  of  Galvani, 
Aldini,  jmblished  experiments  that  went  to  demonstrate  the  existence 
of  animal  clectrici^.  The  voltaic  pile,  however,  was  a  stronger  arga- 
ment  against  the  existence  of  animal  electricity  than  any  experiments 
cotUd  be  in  its  favor,  and  toz  these  reasons  animal  electricity  was  for- 
gotten. 

In  1827  M.  Nobili,  having  constructed  a  very  sensitive  galvanome- 
ter, was  enabled,  as  he  supposed,  to  detect,  without  doubt,  the  exiiit- 
ence  of  an  electric  current  in  the  frog.  He  observed  that  when  the 
needle  was  placed  in  the  circuit  it  denated  some  30*. 

Xesatrchfs  of  MatteueH  and  Du  Bef5-Reymimd.-~l^  few  years  subse- 
quently, Matteucci  turned  his  attention  to  this  subject ;  but  it  was  rc' 
served  for  Du  Bois-Reymond  to  investigate  most  dearly  and  most 
fully,  if  not  most  conclusively,  the  electric  properties  of  the  nerves  and 
muscles. 

By  these  two  obscrveni  it  is  believed  to  have  been  shown,  ist.  That 
cnrrents  in  evcr>-  resi>ect  like  the  frog-current  of  Nobili,  are  not  peculiar 
to  the  frog,  but  are  inherent  in  all  animals,  warm  and  cold-blooded^ 
in  toads,  salamanders,  fresh-water  crabs,  adders,  lizards,  glow-worms, 
and  tortoises,  as  well  as  rabbits,  guinea-pigs,  mice,  pigeons,  and  spar- 
rows.    (Chi  Boi»-Reymond. ) 

td.  That  currents  are  found  to  nerves  as  well  as  muscles,  and  that 
both  are  subject  to  the  same  laws.     (Du  Bois-Rcymond.) 

3d.  That  the  current  usually  observed  is  a  muscular  current  that  15 
produced  by  the  muscles,  the  nerves  acting  only  as  inactive  conduc 
tors.     (Du  Bois-Rcymond.) 

4lh.  That  this  muscular  current  may  be  upward  or  downward,  and 
that  the  euirenl  of  the  whole  limb  1$  the  resultant  of  the  partial  cur^ 

Its  of  each  muscle.     (Du  Bois-Reymond.) 

5th.  That  Uiese  currents  do  not  depend  on  the  contact  of  hete- 
sgeneous  tissues,  as  Volta  liad  believed,  for  the  nerves,  muscles,  and 
^tendcms  in  their  electrical  relations  are  homogeneous.     (Du  Dois-Rey* 
mood.) 

6th.  That  electricity  is  found  not  only  in  the  muscles  and  nerves, 
hut  also  in  the  brain,  spinal  cord,  and  sympathetic — in  mutot,  sensory,  and 
mixed  nerves — in  a  minute  section  as  well  as  in  a  large  mass  of  nervotu 
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substaDces — in  a  small  fibnl  as  well  as  in  a  large  muscle— in  the  skin, 
icplecn,  testicles,  IddDcys,  liver,  lungs,  and  tendons;  but  not  in  fascw, 
sheaihs  of  nerves,  and  sinews, 

7th.  That  animal  electricity  is  capable  of  decomposing  iodide  of 
fjotassiurn,  and  of  deflecting  the  needle  of  the  galvanometer^  (Mat- 
leuccL) 

Stli.  In  the  mu&clcs  and  nerves  electricity  is  in  the  condition  of  a 
thsed  circuit. 

9th.  That  contractioti  of  muscle  is  accompanted  by  an  electric  rfij- 
tharge  resembling  that  of  a  torpedo.     (Malteucd.) 

It  was  the  perusal  of  the  essay  of  Matteucci  that  inspired  Dti  Bois- 
Reymond  tu  undertake  tliose  magniliceiit  researches  that  have  givea 
him  a  name  and  a  fame  in  the  realm  of  electrology. 

?[e  devised  special  apparatuses  for  his  researches,  uid  handled  them 
with  great  skill  and  patience. 

Even  if  many  of  the  conclusions  jiresentcd  are  erroneous,  they  arc 
none  the  less  interesting  suggestions,  and  have  prepared  the  way  for 
those  who  are  now  earnestly  seeking  to  discredit  his  experiment  and 
disprove  his  statements. 

The  above  conclusions  of  Du  Bois-Rcymond  were  derived  from  ex- 
periments on  the  nerves  of  frogs,  but  electricity  is  not  confined  to  the 
lower  forms  of  life,  either  dead  or  dying. 

Electricity  in  the  Living  Man. — In  the  living  man  it  is  believed 
that  cutaneous  currents  are  found  The  hand  is  negative  to  the  elbow, 
and  the  palm  of  tlie  hand  is  negative  to  the  back.  The  foot  is  negative 
to  tJie  ciicsi,  and  the  sole  of  the  foot  is  negative  to  the  back.  The  elbow 
is  slightly  positive  to  the  chest,  and  die  hand  is  sometimes  negative  to 
the  foot,  and  sometimes  the  reverse. 

These  cutaneous  currents  are  cjuite  strong  and  uniform.  They  are 
Id  be  distinguished  from  the  thermo-electric  currents  that  are  observed 
when  two  syiuiuetrical  pails  are  heated. 

A  finger  at  the  temperature  of  32^  is  positive  to  one  at  90",  and  a 
finger  at  60°  is  feebly  positive  to  one  at  80*^,  and  strongly-  positive  to 
one  at  180°.  The  cutaneous  currents  arc  also  to  be  distinguished  from 
currents  tliat  arise  from  dissimilar  immersion,  dissimilar  sweating  and 
shielding  of  the  body. 

Currents  of  electricity  have  been  found  in  the  urethra  and  bladder 
of  the  rabbit,  the  intestines,  the  spleen,  the  testicles,  the  tendons,  and 
the  oviduct  of  the  frog,  and  the  iris  of  birds. 

All  these  currents  resemble  the  ordinary  muscular  ctirrents,  in  that 
the  outer  and  inner  surfaces  have  opposite  electricities. 
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The  currents  of  the  nerves  and  muscles  are  very  much  stronger  tluui 
Aose  of  other  tissues.* 

Dr.  C.  B.  RadcUffe  takes  a  radically  different  vicvf  of  animal  etec 
iricity.     His  coaclusions,  briefly  summarised,  are  as  follows  : 

I.  The  sheaths  of  (he  fibres  of  nerve  and  muscle  during  rest  are 
chafed  with  clectiicily  like  I^yden  jais.  He  believes  it  probable, 
though  not  entirely  demon&Uable,  thai  the  sheaths  of  the  fibres  con- 
duct electricity  so  feebly  that  they  are  practically  non-conductors  and 
arc  di-elcctric. 

This  charge  is  brought  about  by  the  development  of  electricity,  either 
positive  or  negative,  through  oxidation,  or  some  form  of  chemical  action, 
ou  tlie  outside  of  the  sheaths  of  the  fibrcii,  which  electricity  inducer 
through  the  di-elecLric  sheath,  an  opposite  electricity  bom  the  inside  of 
the  sheaths,  after  the  manner  of  the  Lcydcn  jar.  Electricity  which  exists 
in  the  nerves  and  muscles  during  rest  is  in  a  statical  condition,  and  not 
in  djTianiic  or  cmrent  state. 

The  ncrvc-currcnt  and  musclc-cunrnt  arc  purely  incidental  phenom- 
ena, resulting  from  applying  the  electrodes  to  points  of  uneiiual  elec- 
tric tension. 

3.  That  the  pasMge  of  a  nerve  or  muscle  from  a  state  of  rest  to  a  state 
of  action  is  accompanied  by  a  discharge  similar  to  that  of  a  torpedo. 
The  arguments  in  favor  of  this  view  arc,  that  the  anatomical  and  phyn'o- 
logical  apparatus  of  the  torpedo  closely  resembles  the  muscular  appara- 
tus of  all  animals ;  that  the  ncrvc-currcnt  nearly  disappears  from  the 
Dcnre.  and  the  muscle-current  from  the  muscle,  when  nerve  and  muscle 
pass  from  rest  into  action  \  and,  finally,  that  the  phenomena  of  induced 
or  secondary  contraction  cannot  otherwise  be  explained. 

This  discharge  takes  place  between  the  sheaths  of  the  fibres,  which  are 
verj  elastic,  and  arc  capable  uf  being  elongated  during  rest  by  the  mu- 
tual attraction  of  the  opposite  electricities  with  which  they  are  charged. 

3.  That  when  a  nerve  or  muscle  passes  from  action  to  rest  it  resumes 
its  condition  of  charge.  Elongation,  therefore,  is  the  result  of  cliarge, 
and  contraction  of  discharge. 

This  point  is  illustrated  by  the  following  experiment: 

A  narrow  band  of  rubber  is  wound  on  both  siiriaces  very  near  the  edge 
with  gold-leaf,  so  that  it  can  be  charged  or  discharged  with  electricity 
like  a  Leyden  jar.  By  a  simple  arrangement  of  a  grooved  wheel  and  an 
apparatus  that  multiplies  and  records  the  movements,  it  can  be  shown 
that  when  the  band  is  charged  by  a  few  turns  of  a  frictional  machine,  il 

•  DynaptH4  o/Ntrvij  attJ  Mustttt.     London,  iSyi. 
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elongates,  and  when  the  charge  is  discharged  it  contracts.  It  is  belicvco 
that  the  mHscle  behaves  in  precisely  this  manner.  If  nerves  arc  not 
affected  in  the  same  way,  it  is  because  their  fibres  are  not  sufficiently 
elastic 

4.  That  the  blood  keeps  up  the  natiuul  charge  of  electricity  in  nerve 
and  muscle. 

The  acceplance  of  this  view  explains  many  interesting  facts  m 
paliiology.  It  explains  the  fact  that  diseases  thai  are  accompanied  by 
a  deficiency  in  the  ncr\'c-currcnts,  as  nctinilgia,  spinal  irritation,  hysteria, 
tetanus,  epilepsy,  usually  manifest  tliemselvea  by  morbid  activity,  by 
increased  and  unnatural  luovcmentii  of  muscles  aiid  nerves. 

Active  intlaiiuiiatioas,  when  there  is  increase  of  blood,  are  not  usually 
accompanied  by  excessive  muscular  or  nervous  action. 

Apparatus  for  Studying  Anima! EUctricity. — In  a  practical  work  of 
this  kind  it  is  not  necessary  nor  proper  (o  enter  into  elaborate  detail 
uf  all  the  cxperiincnial  premises  by  which  Matieucci,  I>u  Bois-Ke)^ 
mond,  PliUgei,  and  others  have  made  iheir  discoveries.  A  very  brief 
description  of  the  apparatus  of  Du  Bois-Reyinond  may  possibly  be  of 
interest 

He  employed  a  very  delicate  galvaQometcr,  the  distinctive  fea- 
tures of  which  were,  first,  the  astatic  needles  were  constnicted  and 
arranged  with  great  care  ;  and,  ittondly,  the  wire  around  them  was  very 
long,  and  of  from  4,000  to  34,000  convolutions.  A  multiplier  of  this 
sort  will  indicate  the  presence  of  exceedingly  feeble  currents.  The 
wires  of  the  multiplier  are  connected  with  carefully  cleaned  and  pre- 
pared flat  new  plates  dipped  in  vessels  of  rinc,  containing  sulphate  of 
line  to  prevent  polarization.  Two  cushions,  as  they  are  called, 
made  of  layers  of  blulting-paper  soaked  in  a  solution  of  sulphate  of 
zinc,  are  laid  in  the  edge  of  each  vessel,  with  their  ends  in  the  liquitL 
The  whole  is  enclosed  in  a  moist  chamber.  In  order  to  protect  any 
tissue,  it  is  placed  in  connection  with  the  two  cushions  in  varions  posi< 
tions ;  then,  if  there  be  any  current,  the  deflection  is  seen  in  the  needle 
of  tlie  multiplier. 

When  two  synunetrical  parts  of  the  longitudinal  or  transverse  section 
of  a  nerve  are  applied  (0  the  cushions,  no  deflection  b  seen  ;  when  two 
dissymmclncal  parts  of  the  longitudinai  section  are  placed  on  the 
cushions  th«  needle  deflects  6"  or  j*.  When  the  longitudinal  section 
of  the  nerve  on  one  side  touches  one  cushion,  and  the  transi'erse  sec* 
tion  touches  the  other  side,  the  needle  deQects  15°  to  jo". 

Instead  of  the  galvanometer  mullipher  we  may  use  the  rheoscopic 
frog,  which  may  give  some  results :  but  it  has  the  disadvantage  that  it 
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toscii  its  irritability,  and  that  it  contnu:t5  only  when  the  current  is 
closed  or  brokeo. 

ExperimtHts  of  Tr<nv6ruigt, — ^^Ve  have  given  a  full  and  varied  pre- 
sentation of  the  leading  conclusions  of  Du  Bois-Keymoiul  and  others^ 
and  have  described,  in  a  vtry  general  way,  the  best  method  of  peifonn< 
iog  the  experiments  on  which  his  conchtsions  arc  based. 

We  have  done  this  in  justice  to  a  name  that  is  greatly  honored  in 
science,  in  justice  to  the  name  that  has  made  an  era  in  physiology,  and 
to  prepare  the  litudcnt  for  an  inlclligcnt  understand in^j  of  t!ie  ex|>eri- 
ments  that  seem  to  overthrow  these  «ews  of  Du  Bois-Reyraond  that 
have  been  so  widely  accepted. 

It  has  alwa)^  appeared  lo  us  that  in  the  experiments  of  all  electro* 
pbysiotogisls,  ibe  later  as  well  as  the  earlier  sclioul,  there  were  ciuuices 
for  great  error,  and  have  been  surprised  that  their  conciusioiis  have 
been  accepted  with  so  little  rcserk-ation. 

Bearing  in  mind  that  all  chemical  action,  however  slight,  is  probably 
accompanied  by  the  generation  of  electricity,  it  is  surely  noi  irrational 
to  suspect  that  the  conclusions  from  careful  experiments  of  Du  Buis- 
Rcymond  and  others  might  be  in  some,  if  not  in  all  cases,  muditied  by 
(ktmicaJ  athon  between  the  animal  tisaues  and  Liie  cusbions  of  the  gal- 
vanometer, however  skilfully  these  were  protected. 

Among  the  physicists  at  least,  the  theories  of  Du  Bois-Reymond  have 
been,  on  the  Mbolc,  losing  ground  during  ihe  pa&t  ten  years,  anil  pro- 
bably on  account  of  the  considerations  that  are  above  presented. 

Prof.  John  Trowbridge,  of  Haivaid  College,  has  recently  nude  a 
series  of  researches  that  seem  to  cast  grave  doubts  on  the  Interesting 
and  hitherto  accc|>tcd  conclusions  of  Du  Bois-Keyniond  in  regard  to 
animal  electricity. 

This  physicist,  starting  out  on  the  face  of  the  accepted  fact  thai 
two  liquids  of  disiimiiar  ehtmuat  cAaraitcr,  separaitrd  by  a  porous 
partition,  give  rise  to  a  current  of  eltcirieiiy,  has  made  experiments 
with  an  apparatus  simitar  lo  that  employed  by  Du  Bois-Reymond  io 
his  researches  on  animal  electricity.  Instead,  however,  of  placing  a 
piece  of  muscle  or  nerve  on  the  cushions,  he  used  a  series  of  artifieial 
musila.  These  artificial  muscles  were  made  of  glassiubes  covered  by 
porous  pal  utions,  and  tilled  with  the  different  liquids,  such  as—' 
Undistilled  water. 

Weak  iolution  of  salt  in  distilled  water. 
Solution  of  dilfercnt  salts  of  iron. 
Blood, 
Acidulated  water. 
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Placing  the  artificial  muscle  thus  ]}rcpared  in  the  position  vhere  the 
natural  niusdc  is  placed  in  Du  Bois-Re/moiid's  experiments,  be  found 
tliat  each  liquid  caused  a  deflection  of  the  needle  of  the  galvanometer. 

There  IB  no  queslioii,  in  the  opinion  of  Prof.  Trowbridge,  that  the 
cuirents  that  caused  these  tlcHcctions  of  the  needle  arose  from  the 
actions  of  the  fluids  in  the  tubes  on  the  saline  solution  of  the  cushion  and 
the  protecting  guard.  This  view  is  confirmed  b/  the  fact  that  when 
the  anificial  muscles  were,  6Ued  with  distilled  viaXcr,  there  was  no  de- 
flection of  the  needle  observed ;  but  when  imdistillcd  water  or  the 
other  fluids  mentioned  were  used,  the  needle  of  the  galvanometer  de- 
flected su  far  as  in  some  cases  to  throw  the  spot  of  light  off  the  scale.* 
Prof.  Trowbridge  exercised  the  same  precautions  as  arc  found  necessary 
by  electro-physiologists  in  obtaining  the  so-called  muscular  currents. 
He  argues  tliut  the  behavior  of  the  artificial  muscle  must  be  similar  to 
that  of  a  natural  muscle  placed  on  the  cushions  ;  and  he  stales  furtiier, 
that  when  we  use  the  nalur<it  muscle.-,  containing  fresh  and  chemically 
active  blood,  separated  by  its  sheath  from  the  clay  guards  of  the  cushions, 
an  electrical  action  must  take  pl<uc  between  the  fluids  of  the  muscle  and 
the  saline  solutions  in  the  connecting  apparatus,  7vhich  action  cannot 
well  be  distinguished  from  the  so-called  muscular  current.\ 

In  order  to  avoid  every  possible  source  of  error  in  these  eiperi- 
meets,  Prof.  Trowbridge  not  only  tried  distilled  water  in  the  artificial 
muacles,  instead  of  undistiUcd  water  and  the  different  solutions,  but  also 
tried  the  mere  contact  of  the  bladder  mcmbrane-i>arrition  mthoui  any 
fluid,  and  in  neither  case  was  any  current  produced.  He  employed  a 
vessel  shaped  like  the  letter  U,  opened  at  the  bend,  and  covered  at  the 
ends  by  a  membrane.  Into  the  two  limbs  of  the  lube  he  injected 
fluids  of  different  kinds.  When  the  vessel  was  filled  with  a  fluid  that 
was  homogeneous,  and  the  ends  of  the  tube  brought  in  contact  with 
the  cushions,  the  needle  of  the  galvanometer  was  deflected.  When  the 
points  of  contact  were  reversed,  the  direction  of  the  needle  was  re- 
versed. That  mere  contact  of  the  tube  with  the  cushions  did  not  cause 
the  deflection  of  the  needle,  was  diown  by  the  fact  that  when  no  fluids 
were  in  the  tube  there  was  no  deflection.  Thai  the  direction  of  the 
current  was  through  the  U-shaped  tube,  and  not  from  its  extremities  to 
the  galvanometer  and  back,  was  proved  by  the  fact  that  when  the 
section  of  one  of  the  limbs  of  the  U-shaped  tube  was  constricted,  the 

*  Tlionuon.'i  reflecting  galviuiometer  and  new  cpudrant-electromeler  were  Qied  ht 
lh««e  ex  pertinent  E. 

f  On  Ihc  Electro -mollTe  Action  of  Uqulis  MpftnUed  hj  Membranes.  Amrrkttm 
t»Krnal  ef  Seienet  and  Arts,  voL  iiL,  Msy,  1S73. 
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f1efl«ctioD  of  the  needle  was  reduced,  and  when  the  constriction  wai 
complete  there  was  no  deflection. 

The  conclusion  to  which  Prof.  Trowbridge  arrives  from  these  ex- 
periments which  have  been  repeated  at  various  times,  is,  '*  t/iat  wAt/t  the 
cushiffrtt  0/  tht  galvanmntter  are  connected  by  a  tntmbraofftis  sae  eon- 
taining fiuids,  or  animai  tiisue  saturated  wifkfimd,  an  endosmoiie  aet't&n 
takes  pla£t,  accompanied  by  galvanic  action ;  and  that  this  ga/i-anie 
cution  is  determined  by  the  differenet  of  endosmotic  action  at  various 
faints  0/ the  enclosing  membrane"  • 

When,  therefore,  a  muscle  is  placed  on  the  cushions  of  the  galvanom- 
eter, its  transverse  section  on  one  pad  and  its  longitudin^il  section 
on  the  other,  endosmose  takes  place,  which  is  different  at  dilTcrcut 
points,  and  the  galvanic  current  that  appears  is  probably  caused  by 
this  ditfercnce  of  endosmotic  action  and  not  by  the  so-catlcd  musciilac 
current.  Then  granting  that  a  muscular  current  exists,  it  must  suffer 
important  modifications  in  strengtli  and  direction  through  this  endos- 
motic action.  //  the  muscular  current  does  not  exist,  this  endosmetie 
action,  with  the  accompanying  galvanic  artion,  will  account  for  the  dc 
flection  of  the  needle  of  the  galvanometer  that  had  been  supposed  to  be 
due  to  the  muscular  current. 

In  a  letter  received  by  Dr.  Beard  from  Prof.  Trowbridge,  under  date 
March  iS,  1873,  nearly  one  year  later  than  the  date  of  the  publication  of 
the  researches  of  which  tlie  above  is  an  abstract,  he  says  that  "later 
experiments  have  convinced  me  that  there  are  no  such  currents  as  mus- 
cular currents,  proi>crIy  no  called.  I  think  that  the  phenomena  noticed 
by  Dii  Bois-Rej-mond  arise  from  differences  in  the  chemical  nature  of 
different  portions  of  the  muscle  Du  Bois-Rcymond  contends  that 
such  chemical  difference  does  not  exist,  and  that  the  tissue  is  homo- 
geneous from  a  chemical  point  of  view.  It  must  be  remembered, 
however,  that  a  delicate  galvanometer  can  detect  differences  in  chemi- 
cal comijosilion  which  cannot  be  detected  except  by  the  most  refined 
Analysts.  I  should  therefore  make  my  assertions  strnngur  llian  1  have 
done,  in  the  accompanying  papers,  in  viev  of  subsequent  experimenL" 

Prot  Trowbridge  has  also  made  experiments  that  seem  to  cast  grave 
doubts  on  the  conclusions  of  Du  Bois-Reymond  in  regard  to  electrical 
currents  in  the  arms.  Du  Bois-Reymond  in  his  experiment  connects 
the  terminals  of  a  galvanometer  in  separate  vessels  by  a  siphon-tube 
eoniaining  die  same  liquid  as  the  vessel.  The  ends  of  the  tube  are 
covered  wiih  a  porous  preparation. 

*  noMedings  of  the  Aianlcan  Academy  of  Am  and  Sctenco,  Januarj  9,  1871. 
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Placing  a  forcftiigcr  in  <:3.ch  vessel  and  violentl/  contiaciing  ihe 
aim,  he  observed  that  the  needle  of  the  galvanometer  was  deflected  ;  on 
contiacting  the  other  wm,  the  needle  deflected  in  the  opjKtsitc  ilircc- 
rion.  Dli  Bois-Rcymond  explained  this  phenomena  by  the  theory 
that  electrical  currents  circulate  in  the  arm  distinct  from  and  co-exist- 
ing with  the  muscular  and  nerve-currents.  It  is  not  djflicult  to  con- 
ceive that  in  an  experiment  of  this  kind  there  would  be  chances  for 
error  sufficient  to  make  us  very  cautious  in  accepting  any  immediate 
conchisions  in  regard  to  it  In  order  to  lest  the  validity  of  this  con- 
clusion, Prof.  Trowbridge  prepared  a  vessel  with  two  limbs,  which  he 
substituted  for  the  human  finger.  Du  Bois-Keymond's  experiment- 
vessel  was  filled  with  a  solution  of  salt,  and  the  end  of  the  limbs  was 
covered  with  prepared  membrane.  The  resistance  of  th«  circuit 
through  both  limbs  and  the  vessel  was  about  that  of  the  human  body 
from  the  forefinger  of  one  hand  to  the  forefinger  of  the  other — that  is, 
about  seven  or  eight  times  the  resistance  of  the  Atlantic  cable.  The 
ends  of  the  limbs  or  tubes  were  immersed  in  the  fluid  of  the  vessel  con- 
nected wiih  the  galvanometer.  As  soon  as  they  touched  the  liquid, 
the  needle  of  the  galvanometer  was  deflected,  and  on  reversing  the 
limbs  the  needle  was  deflected  in  the  opposite  direction. 

When  the  flexible  portion  of  one  of  the  limbs  was  pinched  so  a*  to 
diminish  the  diameter,  the  deflection  was  also  diminished.  When  a 
trifling  change  was  \ni\A\i  \x\  the  ekemici^  character  cf  the  jlmds  in  the 
two  iimbs,  and  one  of  the  lim&s  tens  slightly  csnlra£ii/i^  the  direction  rf 
ihe  needle  was  reversed. 

Prof.  Trowbridge  is  disposed  to  believe  that  the  deflection  of  the 
needle  caused  by  the  contraction  of  the  muscles  of  the  arm,  "is  pro- 
duced either  by  the  temperature  or  by  the  change  in  the  flow  of  the 
blood."  It  \v&s  been  established,  that  the  electro-motive  force  between 
venous  and  arterial  blood  is  about  one-thirtieth  that  of  a  DAnicU's 
cell ;  and  as  muscular  contractions  change  the  chemical  character  of 
the  blood,  and  as  by  very  slight  chemical  difference  between  two  fluids 
(eparated  by  a  meuibrane,  like  the  skin,  is  sufficient  to  create  a  gal- 
ranic  current,  it  is  not  improbable  that  the  conclusion  of  Du  Bois- 
Reymond  in  regard  to  the  existence  of  a  separate  electrical  current 
in  Ae  arm  is  erronemi^ 


CHAPTER  IL 

KIXCTROTOrrOS,    ANBLECTBOTONOS,    AHD    CATEI.ECTR0T0N08. 

EUctrotonos  is  the  peculiar  mniifitation  of  irritability  that  nervet 
and  musclti  under  gc  when  aeted  upon  by  a  gaivanic  turrent. 

UTiile  the  nerve  is  in  the  elecirotonic  state,  that  part  of  it  not  in- 
cluded betweeo  the  poles  will  deflect  the  needle  of  a.  delicate  galvano- 
meter ;  and  that  the  deflection  then  caused  is  not  due  to  the  natural 
nerve-current,  is  proved  by  the  fact  that  it  ap])ears  when  only  the  sur- 
face of  the  nerve  is  connected  with  tlie  galvanometer.  It  is  therefore 
the  electric  condition  of  the  nerve  caused  by  the  passage  of  the  current 
through  it  that  deflects  tl;e  needle.  The  electrotooic  condition  not  only 
remains  so  long  as  the  galvanic  current  continues  to  pass,  but,  if  the 
corrrnt  be  sufficiently  powerful,  it  remains  for  a  limited  time  after  the 
current  ceases  to  pass. 

Hie  elcctrotonos  is  more  noticed  tlie  larger  the  extent  of  nerve 
acted  upon,  provided  the  current  be  sufficiently  increased  to  overcome 
tbe  iDcrea&ed  resistance. 

In  nerves  that  are  dead,  or  have  tost  their  irritability,  elcctrotonos 
cmnot  be  excited  at  all,  or  only  feebly,  and  the  same  is  inie  when  th« 
nerve  is  cut  across  or  tightly  bound  with  a  ligature. 

Tlte  change  in  the  ner^-e-currcnt  depends  on  the  direction  of  the 
plnoic  current.  \Vhen  the  galvanic  current  flows  in  the  same  direc- 
tion with  the  nerve-current,  the  strength  of  the  nerve-current  is  in* 
crtJAcd  ;  when  the  galvanic  current  flows  in  a  contrary  direction,  the 
strength  of  the  nerve-current  is  diminished. 

Elcctrotonos  is  greater  when  the  galvanic  current  flows  lengthwise 
^/i^n  when  it  flows  across  the  nerve.    It  increases,  within  certain  limits, 
£fh  the  increase  in  the  intensity  of  the  current. 

Af&letular  Theory  of  Aneltctrotones. — ^Du   Bois-Rejmiond  has  sug- 

-^c«J  Atlicoty  to  account  for  the  phenomena  of  elcctrotonos,  which 

f^__      £>ecn  generally  accepted.     It  is  analogous  to  Ae  theory  of  mag- 

'^^ti>    suggested  by  Coulomb.    He  supposes  that  muscles  and  nerves 


.t^* 


£^t    of  electric  molecules,  which  have  one  positive  equatorial  lone 
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uid  two  negative  polar  zones,  vhose  axes  arc  pciralkl  to  each  other; 
that  is,  two  molecules  make  one  molecule.  This  is  called  the  peri'^ieir 
arraugemenc.  In  a  magnet,  cacli  individual  molecule  manifesis  tlie 
same  phcnorociia  as  the  entire  magnet :  each  molecule  is  indeed  a 
magnet  in  miniature.  In  iike  manner,  each  molecule  of  the  nerve  ot 
muscle  manifests  the  same  phenomena  as  the  entire  nerve  or  muscle. 
These  pcri-polar  molecules  are  enclosed  by  a  moist  covering. 

IJu  Bois-Reymond  fiirtlier  supposes  that  each  peri-polar  molecule 
may  be  divided  into  a  group  of  di polar  molecules — where  the  positive 


fio.  jr. 

Peri-polor  Arruigement  of  ELcctro-motar  Molecules 

L  ft'— Lon^tuiiinkL  Section.  T  S— TraQSveme  Section. 

P^Pweledronomic  Layer. 

hemispheres  arc  turned  toward  each  other — without  changing  theit 
electrical  properties.  This  is  called  the  dipolar  arrangement.  If  a 
number  cf  such  molecules  are  brought  under  the  influence  of  a  f^alvanic 
current,  their  powtive  zones  will  turn  toward  the  negative  pole,  and  the 
negative  toward  the  positive  ;  one  of  the  molecules  (3)  turning  180* 
on  its  axis.  I'hc  arrangement  will  be  as  above.  Prom  its  resemblance 
to  the  voltaic  pile  it  is  called  the  pile-like  arrangement. 

This  pile-like  arrangement  of  the  molecules  not  only  takes  place 
between  the  electrodes,  but  also  beyond  them  into  the  exira-polat 
region. 

Du  Bois-Rcymond  has  illustrated  these  phenomena  on  molecules 
made  of  zinc  and  copper. 

From  these  experiments  Du  Ilois-Rcyraond  concluded,  first,  that  the 
nerve  is  always  in  the  condition  of  a  closed  circuit,  since  electric  cur- 
rents are  produced  by  the  coaaecciou  of  layers  surrounding  the  mole- 
cules with  their  molecules  ;  and  secondly,  that  the  current  obtained 
from  an  animal,  as  indicated  by  the  g.ilvanomcter,  is  only  a  small  por- 
tion of  the  entire  current. 
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Tlie  galvanic  current  that  produces  ihc  cicctrotomc  condition  is  called 
ihe /fflariMing  current.  The  portion  between  the  poles  is  called  in/ra- 
felar  ;  beyond  and  outside  of  the  poles,  extra-polar.  Elcctrotonos  is 
ascending  when  it  jirocceds  from  the  diubcIc  to  the  nerve  ;  descending 
when  it  proceeds  from  the  nerve  to  the  muscle. 

AntUetrotonos  and  CtUeUctretonos. — Anelectroionas  is  a  condition  of 
dtminishtd  irritability  whieh  takes  place  at  the  positive  electrode.  CaU- 
Uetrotonos  is  a  eondilton  of  intr eased  irritability  which  takes  place  at  the 


L  S — Lo(i£itiidiiial  Section.  T  S — Troiuvcne  S«tloa. 

I,  PeH-poUu  airangemcttt  of  dcclro-motor  inol«culev 
I.  Di-poLu  MTangi;mciiL  of  cleciro- motor  moleculev 

3.  Pik-likc  amngcRient  of  dectro-molor  molccoJeiv  cAuttd  by  the  sction  of 
the  gxlvuiic  current. 

negative  electrode.  At  some  point  between  the  electrodes  the  irritabililj" 
of  the  nerve  is  ucdiangcd.  The  conditions  of  a^clectiotonos  and 
catelectrotonos  arc  found  not  only  between  the  polcii,  but  also  in  the 
other  portions  of  the  nen-e,  in  the  extra-polar  portion. 

The  portion  between  the  poles  and  near  the  negative  pole,  together 
with  the  portion  beyond  the  negative  pole,  is  in  a  state  of  catelectro- 
lonos,  with  increased  irritability .  The  portion  between  tJie  poles  and 
near  the  positive  pole,  together  with  the  portion  beyond  the  positive 
pde,  is  in  a  state  of  anelectrotonos,  with  diminished  irritabllitjr. 

The  exlra-polar  catclectrotonos  depends  on  the  length  of  the  nerve  be- 
tween the  poles,  and  the  strength  of  the  current,  up  to  a  certain  limit. 
The  strength  of  the  extra-polar  anelectrotonos  is  proportioned  to  iti 
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distance  from  the  poles,  being  greatest  near  the  intra-polar  portion. 
The  extra-polar  catelectrotonos,  both  ascending  and  descending,  is  in 
a  state  of  increased  irntabJUty.  The  extra-polar  anelectrotonos,  botb 
ascending  and  descending,  is  in  a  slate  of  diminished  initabilitjr. 

Ntutral  Point. — Between  the  poles  there  is  a  point  uriicre  the  irrita* 
bility  is  rwt  changed ;  there  anelectrotonos  meets  catelectrotonos.  This 
is  called  the  neutral  point.  The  relative  position  of  this  depends  on 
the  strength  of  the  polarizing  current.  Where  the  strength  of  the  cur- 
rent is  medium,  the  neutral  point  is  about  niidMuy  between  the  poles. 
Where  the  current  is  weak,  the  neutral  point  is  nearer  the  positive 
pole.     Where  it  is  strong,  it  is  near  the  negative  pole. 

Negative  VariatioH- — When  a  current  fre^juently  iiucrrupled  is 
applied  to  an  irritable  nerve,  it  causes  the  nerve-current  to  diminish  in 
strength,  and  finally  utterly  destroys  it.  This  fact  is  demonstrated  bjr 
the  galvanometer.  i 

The  same  phenomena  is  caused  to  a  less  degree  by  chemical  or 
mechanical  stimulation  of  nerve.  Negative  variation  has  been  explained 
by  the  theory  that  the  |)rri-pcjlar  molecules  in  the  nerve  change  theio 
arrangement,  so  that  their  electro-motor  power  is  diminished.  The  neg- 
ative variation  of  the  current  has  been  studied  by  Bernstein.  He  re- 
gards alt  the  electric  phenomena  of  the  nerve  as  undulatory  movements, 
and  has  mathematically  estimated  the  length  of  the  waves  in  nerve  and 
muscle.  Cyon,  in  con&nnation,  has  sitown  that  ihc  decree  uf  thb 
variation  is  directly  proportioned  to  the  number  of  interruptions  in  the 
exdling  current. 

Effeett  of  Elfdrolonosin  Diminished  Canduetivtty . — The  power  of  a 
ntrve  ie  eondufi  irritability  is  more  or  less  modified  by  the  cendiiian  of 
tiectrfftonos.  The  portion  of  the  nerve  near  the  positive  pole,  which  is 
in  a  condition  of  anelectrotonos,  has  its  conduclibility  diminished  ;  the 
portion  of  the  nerve  near  the  negative  pole,  which  is  in  a  condition  of 
caielectrotonoK,  has  its  conductibilily  increased.  If  the  cnrrenl  be  suf- 
ficiently ttrong,  the  power  of  the  nerve  to  conduct  impressions  may 
nearly  or  entirely  destroyed. 

Effects  pf  EUetrptonos  after  the  breaiing  of  the  Galvanie  {polarising 
Cssrrtnt. — One  of  the  effects  of  the  cleclrotonos  is  the  irritation  wliich  it 
caused  by  the  paxaing  away  of  the  nnelectrotonos.  This  irritation, 
which  appears  at  the  positive  {lole,  is  shown  either  by  a  contractioa  or 
by  a  tetanic  condition. 

Positive  Modification  and  Negative  Modification. — The  nerve  which  is 
in  a  condition  of  catelectrotonos  at  the  negative  pole  is  greatl/ 
modified  by  the  breaking  of  the  polarizir^g  current.     Its  initabilitj  if 
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dMrebjr  duni&ished.  Tins  diminutioa  of  irritability  is  called  the  *' ntgO' 
Hoe  wtodt^mtien."  At  tlie  poiiitivc  pole  \w  thccatelcctrotonic region,  an 
■rm>r  cl  irntability,  or  pasilive  moJifi^atian,  apiwars  on  breaking  the 
entreat  This  increase  and  diiiiiniition  of  irritability  continue  for  some 
Wmt  after  the  pobming  current  is  broken. 

iy<ff  */a  Change  in  the  Dtreclian  of  (he  CarreHi.  — Another  effect  of 
fltoctroconoft  U  the  change  of  irritability  which  is  caused  by  a  change  in 
llw  ifinclioa  of  the  current,  tf  a  nerve  is  subjected  for  some  time  to 
the  ia&Kiice  of  a  galvanic  current  in  a  certain  direction,  it  loses  some 
flf  its  irritabilitir,  which  it  regains  when  the  current  ts  reversed. 

SUttmr^Um  9/  frritabHUy. — A  very  important  effect  of  electrotonos 
ii  a  KOootion  of  irriiability  in  a  nerve.  It  has  been  proved,  both  by 
a[peneiK:e  ind  by  experiments,  that  nerves  which  froiu  any  cause  have 
iMt  tbtir  imtability  to  the  faradic  current,  »o<iietimes  regain  it  after  an 
Hylieabon  et  the  galvanic  It  has  been  shown  by  the  experience  of 
•ewnl  writers  on  eleciru-theiaiieutics,  and  of  ourselves,  that,  in  casej 
of  paraljHB,  wben  the  Auadic  current  at  tirst  fails  to  produce  contrac- 
lirrwf.  the  application  of  the  galvanic  may  not  ooly  readily  produce  coa- 
baolMXM,  bat  oaay  also  produce  such  a  change  in  the  irritabilUy  of  the 
fm-miyttd  pmrii  At  to  cause  them  to  regain  their  lost  irritability  to  the 
ftfodu  inrremi.     (See  Electro-Therapeutics.) 

SUttrgtBrnat  t^ Musele. — A  musele,  like  a  nerve,  may  be  put  in  the 
eaaddoo  of  dectroconos ;  the  change^  of  irritability  liiat  accompany 
Aii  coodibcm  are  confined  to  tlie  poitioa  of  muscle  through  vhich 
Ifae  entreat  flows.  The  subiequeut  effects,  after  the  polarizing  current  is 
bgkcDh  are  also  limited  to  the  |>ortion  through  which  the  current  passes. 

tt  ta  logically  probable,  also,  that  not  only  the  motor- nerves,  but  also 
rft  putt  of  the  nervous  system — central  and  peripheral — are  capable  of 
tbc  pheDOmena  of  modified  irritability  under  the  galvanic 


7%tipry  of  Aneleetroionos  and  CattUetrfftonos. — That  the  galvanic 

in  its  passage  through  the  nerve  diminishes  the  imtability  of  that 

in  ih«  region  of  the  positive  pole,  and  inc^(^ascs  its  irritability  in 

4)c  vrpcm  of  the  negative  pole,  maybe  explained  by  the  imrclyjihysical 

rfictf  of  ibc  carrems  in  the  tissue. 

We  harr  feea  that  in  electrolysis  adds  go  to  the  positive   and 

.  to  the  n^alive  pole  ;    now  it  is  a  fact  of  physiology  that  acids 

the  irnubility  of  nerves,  while  alkalies  increase  it     Anelec- 

aiul  catctectrolunos  may  therefore  be  caused  by  actda  at  the 

'  and  alkalies  at  the  negative  pole. 

cxplaaaiioa  b  rendered  probable   by  two  facts :  firsts  thai 
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anelectrotonos  and  catclcctrotooos  arc  not  produced  by  the  secondary 
faradic  current,  which  ha:s  no  m^ked  chciiiica.1  action ;  and  seeenMjr, 
that  very  feeble  and  mstanlaneous  passages  of  the  galvanic  current  {>ro- 
ducc  electrolytic  effects. 

■Pfliiger'i  Contraclion-Law. — The  law  of  conlraction,  a^  derived  by 
PSUgcr  from  exijcriments  on  the  frog,  Is  thus  forniuhted  :  The  nerve  is 
txcittd  by  tht  apptarance  vj  eaitUttrotorufs,  and  tht  disappearanu  of 
aneUetrolonos-,  bid  not  by  (hi  appearance  of  anelectrot&nos  or  the  dU- 
appearance  of  cateUctrotoncs.  This  law  is  considered  of  great  scientific 
as  well  as  practical  value. 

EleetrotQnos  in  the  Living  Man. — The  subject  of  electrotonos  in  the 
living  inau  has  been  studied  by  Eiilenburg,  Saint,  Von  Bczold,  Brenner, 
Erb,  BrQckncr,  Runge,  and  Kilehne,  but  most  successfully  by  Cyon. 

Cyoit,*  by  a  series  of  elaborate  and  careful  experiments,  has  shown 
that  the  contraction-law  of  Prtiigcr,  as  established  on  the  frog  prepara- 
tion, applies  aba  to  the  living  human  subject. 

He  lias  shown  that,  after  closing  the  circuit,  the  irritability  is  in- 
creased near  the  negative  pole  ;  that  this  condition  of  caielectrotonos 
increases  as  the  current  runs  up  to  a  certain  point ;  that  on  breaking 
the  current  the  negative  modification,  or  condition  of  diminished  irrita- 
bility, apfwars  for  a  moment,  and  then  disappears. 

Near  the  positive  pole,  on  the  other  hand,  the  irritability  is  diminished 
at  and  after  closing  the  current.  On  breaking  the  current  there  ts 
an  increase  of  irritability,  oi  positive  modifitaiion,  which  appears  to  be 
greater  wlien  the  current  has  been  allowed  to  run  a  long  time. 

The  experiments  from  which  Cyon  derived  tltcsc  conclusions  were 
made  on  the  ulnar  ncr*-e,  and  with  great  care  to  avoid  error.  It  will 
be  seen  that  tl\e  results  correspond  with  the  results  of  Pfluger's  experi- 
ments on  the  frog,  and  confirm  thcni.  Cyon  found,  however,  thai  these 
results  weic  not  uniibrni  in  all  persons,  but  were  modified  more  or  less 
by  temperament  and  disease. 

Practical  Bearings  of  the  Laws  of  EUetrolonos. — While  the  laws  of 
clectrotonoi  do  not  account  for  all  the  therapeutical  action  of  the  gal- 
vanic current,  they  are,  nevertheless,  of  great  value,  and  help  to  ex- 
plain the  practical  differences  observed  in  the  action  of  ihc  two  (loles. 
In  a  carefully  prepared  article,  however,  by  I)e  WattevillCtt  the  con- 
clusion is  reached  "  that  a  therapeutical  system,  built  on  the  opposite 
anelectrotonic  and  katelectrotonic  effects,  rests  upon  an  imaginary 
1x1515.  .  .  .  Both  are  stimulants,  if 'stimulation'  there  be,  llie  kathode 
more  than  the  anode." 


* Priittipti d'Elttlroih'.rafiit.     Pwls,  1873,  p.  lyotttef. 
f  Conditions  t/thi  Unipolar  Stimulation,  tit.    "  Biuii.** 
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In  regard  lo  the  study  of  the  action  of  cJcctiicity  ao  the  body  is 
bcallh,  it  is  necissary  to  niake  the  pttiliituiury  reiiLirk  hxt  niaiiy  of 
the  cxpeiimeDts  that  have  been  made  and  piibli&hecl,  and  widely  quoted 
io  this  departnitrDt,  have  but  little  scienlific  value,  and  cannot  be  re- 
garded as  in  any  sense  aulhonlativc.  The  reason  for  the  uncertainly 
pertaining  to  the  reported  exiwriments  are  manifold  : 

t.  TAe  distinetioH  behaetn  the  turrenis  has  noi  been  observed.  Not 
only  have  the  faradic  and  the  galvanic  cunents  been  constanlly  con- 
founded, but  the  subdivistuDS  of  the  faradic  current — the  electro  mag- 
netic and  magneto  electric — have  been  vaguely  commin};)cd.  Many 
observers  speak  of  galvaoii-alion  when  they  mean  faradization,  and  vite 
Virsdy  and  not  a  few  apply  both  tei-ms  to  the  use  uf  the  sainu  current. 

2.  AlIou/aHi'i  has  not  been  made  Jer  the  differential  actwn  of  strongs 
medium,  and  Jeeble  currents,  or  of  long  and  short  applieatiens,  'I'lie 
difference  in  the  phy&iological  efTect  of  a  large  and  small  dose  of  opium, 
strj'chninc,  belladonna,  or  ergot,  or  any  other  powerful  rcitiedy  whatso- 
ever, is  enormous.  When  a  small  dose  has  no  perceptible  effect,  a  large 
doae  may  throw  into  profound  »leep,  or  into  violent  convulsions,  that  lead 
lo  deatli.  In  speaking  of  the  physiological  action  of  drugs  of  any  kind, 
the  do&e  is  always  mentioned,  and  any  experiment  with  drugs,  on  man 
or  animaU,  when  the  dose  id  noi  known  or  mentioned,  has  Utile  value  in 
ftcicncc.  Similarly  also  in  electro- therapeutics,  we  find  in  cvcry-day 
experience  that  the  difference  in  the  effects  of  a  mild  and  short,  and  a 
severe  and  long,  appticaiiun,  is  only  the  difference  between  making  a 
patient  inhoilely  better  or  in&nitely  worse. 

When,  therefore,  we  read  that  galvanization  of  the  syuipatlietic  or 
fmeumogastric  produces  such  and  such  edects,  we  really  get  no  precise 
knowledge  whatsoever.  , 

3.  The  differeniial  suseeptibility  of  man  and  animals  has  nM  bemdut} 
tMuidered.  Experiments  with  electricity  performed  on  the  lower  ani 
mais,  as  frogs,  dogs,  cats,  horses,  rabbits,  cows,  guinea-pigs,  etc.,  do  no! 
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klwajrs  afibrd  a  safe  basis  for  generalization  in  rcg..rd  lo  the  effects  of 
electricity  on  maD,  and  especially  on  man  in  a  state  of  civilization.  In 
tbdr  susceptibility  to  the  electrical  stimulus,  and  in  the  let^th  of  time 
that  iJiey  retain  their  irritability  after  death,  there  is  a  great  difTerence 
in  animals ;  between  animals  aod  civilized  man  this  difference  must  be 
very  greaL 

In  proportion  as  the  organization  of  man  is  more  complex  than  that 
of  the  lower  animals,  in  that  proportion  will  the  physiological  reaccioas 
of  Ihe  hiiiiian  body  to  the  electric  current,  or  indeed  to  any  other  in- 
6tience,  be  more  complex  and  uncertain,  and  more  liable  to  deviations 
and  modifications  than  the  ph)'Mologica1  reactions  of  the  inferior  forms 
of  life  lo  which  we  are  supposed  lo  be  related.  Conclusions  in  electro- 
physiology,  derived  solely  from  experiments  on  animals,  have  the  great 
merit  of  simplicity ;  but  when  applied  to  tlie  far  higher  and  more  com- 
plex organization  of  man,  and  especially  of  civilized  man,  with  his  ex- 
cessively sensitive  system  of  nerves,  they  are  apt  to  lead  into  serious 
error. 

4.  Individuai  tdiesyrurasies  have  not  been  praperly  considered  The 
action  of  mcdicimrs  varies  with  thu  tc-mpcranient  to  such  a  degree  as  to 
make  necessary  great  caution  in  rushing  to  generalizations  from  exi>e- 
riiuents  on  one  or  two  persons.  Applications  of  electricity,  faradic 
or  galvanic,  to  the  cervical  sympathetic,  similar  in  length  and  strength, 
■nay  cause  in  one  individual  syiuptoim  of  cerebral  congestion,  in  another 
symptoms  of  cerebral  anicmia,  and  in  another  its  effects  may  be  purely 
negative.  In  one  individual  the  effects  of  such  application  may  be  felt 
at  once,  in  another  an  hour  or  two  after  the  application,  in  another  not 
until  the  following  day. 

There  is  a  great  difference  in  the  average  susceptibility  of  different 
nationalities  and  of  the  higher  and  lower  orders  of  society,  \*"ith  occa- 
sional exceptions  both  ways;  the  tough,  coarse-fibred  Uboring  classes 
arc  much  less  susceptible  to  electricity,  ju&t  as  they  are  much  less  sus. 
ceptible  to  drugs,  than  the  delicate,  iinely  organized,  brain-working 
classes. 

5.  The  action  pf  ehttridty  on  the  body  in  health  may  be  iearned,  in 
part  ai  irast,  by  iludyittg  its  action  in  disease. 

•'  Pathology,"  Allbutt  well  says,  "  is  but  the  shady  side  of  physiology." 
To  draw  the  tine  precisely  where  health  ends  and  disease  begins,  is 
oftentimes  beyond  the  power  of  mortal  man.  Of  the  deep  darkness  of 
[lie  midnight-hour  any  child  is  conscious,  and  even  the  birds  discern  the 
approach  of  evening  ;  but  what  physicist  so  keen  as  lo  tell  the  precise 
uomeot  when  the  late  afternoon  begins  to  fade  into  the  ^rly  twi%ht? 
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It  is  becauM  physiology  and  pathology  thus  run  into  each  other,  that 
observations  on  pathological  states  may  be  of  great  service  to  physiolog)-. 
Experiments  made  with  electricity  on  patients  more  or  1es«  diseased 
have  helped,  as  wc  shall  see.  to  solve  some  of  the  problems  of  elcctrO' 
physiology.  Certain  pathological  slates  render  the  nerves  unusually 
Itnpressible  to  electricity  in  degree,  though  in  the  same  way  as  ir 
health,  and  thus  are  of  great  value  to  the  electrophysiological  cxperi 
menter- 

The  above  considerations  explain  in  part  the  opposite  and  iDcotisistenl 
u  well  as  fragmentary  character  of  electro-physiological  researches,  and 
tbey  should  be  borne  constantly  in  mind  by  those  who  study  this  and 
the  following  chapters,  devoted  to  the  action  of  electricity  on  the  humar 
body  in  health. 

Actien  of  Franklimit  ElettrUity. — When  the  sparks  of  frictiona! 
electricity  arc  applied  to  the  skin  they  produce  a  sensation  of  pricking 
and  if  the  sparks  are  large  the  skin  becomes  red  and  a  papular  eruption 
appears.     Applied  to  the  scalp,  it  causes  the  hair  to  stand  on  end. 

Acticn  cf  the  Faradie  Cumni. — If  any  dry  artificial  electrode  is 
prcs.sed  again&t  the  dry  skin  while  a  faradic  current  is  passing,  the  elec- 
tricity will  penetrate  but  slightly  to  the  deeper  tissues,  unless  the  current 
is  very  intense,  because  of  the  great  resistance  offered  by  the  »kin. 

One  clfcci  of  the  faradic  cuTTcnl  on  the  skin  in  this  way  is  to  cause  a. 
ehange  in  the  eireuiatun.  Tlie  change  may  be  either  anxmia  or  hjrper- 
setnia.  At  first  there  is  ameniia.  The  calibre  of  the  blood-vessels  ij 
narrowed,  tlirough  the  action  of  the  current  on  the  vaso-motor  nerves. 
This  contraction  with  anxmia  is  spasmutlic  in  its  character ;  it  lasts 
btit  for  a  time,  and  in  the  course  of  two  or  three  minutes  it  gives  way 
to  bjiKTxmia.  The  skin  becomes  red,  and  remains  so  for  a  short  or 
long  lime,  from  several  minutes  to  several  hours,  according  to  the 
strength  of  the  current,  the  length  of  the  application,  and  the  tempera* 
ment  of  the  individual. 

Another  effect  of  faradizing  the  skin  in  this  way  is  pain.  This  p;un  13 
□rased  by  the  irritation  of  the  extremities  of  tlie  sensory  nerves. 

When  the  dry  hand  is  substituted  for  the  dry  artificial  electrode,  the 

surface  can  be  faradi/ed  without  producing  pain.     During  the  latter 

■operation  the  electricity,  acting  upon  the  dry  surface  of  the  skin,  pro. 

•  duces  a  peculiar  cracking  or  humming  sound  that  may  be  heard  several 

feet. 

An  application  of  a  faradic  current  of  ordinary  strength  is  followed 
liy  the  west  marked  effects  on  the  skin  when  it  is  dry,  from  the  fad 
(hat  the  electricity  is  mostly  confined  to  the  surface  of  the  tissue.     A 
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reiy  fine,  or,  in  other  words,  a  rapidly  Intciniptcd,  fandic  current,  has 
ft  more  marked  effect  on  Clic  sciibory  nerves  tliau  a  coariic,  or  slowly  in> 
lerrupted,  curreul,  and  in  the  tieatnient  of  the  more  common  forms  of 
anxsthesia  and  neuralgia  this  foct  must  be  considered.  The  negative 
pole  has  a  much  sttonger  effect  both  en  the  sensory  and  motor  nerves 
than  the  positive.  Any  one  can  readily  disttn^tish  the  pales,  when  held 
in  tlie  hand,  by  the  stronger  sensation  and  mere  violent  museu/ar  con- 
traction which  is  felt  at  the  negative. 

Some  parts  of  the  &lun  are  more  sensitive  to  the  current  than  others, 
fcom  the  fact  that  they  are  more  richly  supplied  with  nerves.  The  face 
u  especially  sensitive  at  the  points  where  die  various  branches  of 
the  trigeminus  issue,  and  at  the  line  of  demarcation  of  the  stcin  and 
mucous  membrane  of  the  nose  and  mouth.  The  relative  sensitiveness 
of  different  parts  of  the  surface  of  the  body  to  the  faradic  current  will 
be  discussed  in  detail  in  a  chapter  devoted  to  that  subject  in  the  section 
on  EkciroTherapeutics.  A  faradic  current  of  moderate  strength,  when 
applied  to  bones  that  lie  very  near  llic  surface,  produces  considerable 
pain  of  a  peculiar  character.  This  pain  is  caused  on  account  of  the 
irritation  of  the  sentient  nerves  of  the  periosteum.  The  forehead  and 
the  region  of  the  scapula  and  tibia  are  especially  sensitive  to  electriza- 
tion. 

It  is  not  supposed  that  the  bone  is  specifically  affected  by  the  electric 
current.  Both  the  pcriasteuiu  and  the  bone,  however,  may  have  an 
increased  amount  of  blood  attracted  to  them  by  the  electric  current. 
Acting  in  thi&  manoer,  electrisation  has  been  known  to  reunite  an  old 
fracture.     (See  Electro-Suryery.) 

The  great  and  peculiar  sensitiveness  of  the  skin  to  cicclticily  is  ex- 
plained in  part  by  the  fact  that  the  epidermis  as  a  whole  is  so  poor  a  con. 
ductor,  and  the  electricity  enters  it  by  points  through  the  sudoriferous  and 
sebaceous  glands,  and  the  smaller  the  diameter  of  die  point  at  which  the 
electricity  enters  a  body  the  greater  the  density,  the  strength  of  tlie 
cwrent  being  constant.  When  now  an  electrode  is  applied  to  the  body, 
the  entire  current,  instead  of  diffusing  itself  over  the  whole  surface, 
enters  at  the  glands,  where  there  is  best  conduction,  and  consequently 
excites  pain.  For  the  same  reason,  to  a  greater  degree,  electricity 
applied  by  means  of  a  metalUc  brush  is  far  more  painful  than  when 
applied  with  a  broad  metal  or  s|}onge. 

I'or  ttie  same  rcaiion  a  wet  sponge  electrode,  when  lightly  touched  lo 
the  surface  of  the  body,  causes  more  pain  than  when  firmly  pievsed  on 
the  skin. 

One  effect  of  faradiung  the  skin  is  the  phenomenon  of  "  goose-flesh," 
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populaily  so  called.    This  is  noticed  not  only  where  ihc  electrodes  are 
spplted,  and  between  them,  but  at  a  distance.     It  is  more  observed  iii  tlie 
nervous  and  feeble  than  in  the  hardy  and  strong.      It  may  be  excited  b>  I 
wealc  currents  of  momentary  duration.     In  some  persons  it  cannot  be  ' 
excited  at  all. 

Attien  of  the  Galvanic  Current. — The  ciTccts  of  the  galvanic  current 
on  the  skin  differ  somewhat  from  those  of  the  faradic.  At  both  poles 
there  is  a^vram^scDsation,  which  increases  io  intensity  with  the  strength 
of  the  current  and  the  len(;th  of  the  application.  The  sensation,  when 
the  current  is  closed,  is  like  that  of  a  mustard-plaster,  or,  with  a  very 
strong  current,  that  of  a  hot  iron  pressed  on  the  skin.  Tl\e  "goose. 
skin  "  sometimes  appears  as  under  the  faradic  current,  bnt  it  lasts  longer. 
It  appears  only  around  the  poles,  and  not  beneath  them,  at  the  points  of 
contact.  At  x\\t  fosUive  pole,  in  .>«mc  rases,  there  appears  under  the 
electrode,  at  hrsc,  a  shallow  depressiuo,  and  the  skin  is  pale,  but  soon 
hyperemia  appears,  and  many  little  elevations  here  and  there.  When 
3  strong  current  U  used  an  i»cliKiuic  appearance  is  presented  beneath 
the  electrode,  and  a  red  areola  extends  for  some  distance  around. 

At  the  negative  pole  substantially  the  same  phenomena  appear,  but 
the  h>-perwmia  arises  more  rapidly,  and  is  more  intense  and  extended. 

Tlie  general  sensation  caused  by  the  galvanic  current  is  then,  in 
charaeier,  substantially  the  same  at  both  poles.  In  decree  of  action 
there  is  a  certain  diScrence,  since  the  change  at  the  negative  develops 
more  rapidly  a»d  powerfully. 

The  above  phenomena  we  have  repeatedly  demonstrated  on  a  variety 
of  tem|)cramcnts.  We  have  observed  that  the  rapidit)*  and  strenglh  of 
the  action  are  considerably  modified  by  the  individual.  Soft,  thin,  and 
delicate  skins  appreciate  the  burning  feeling  and  the  various  stages  of 
hypcncinia  more  quickly  than  skins  whicli  are  coarse,  thick,  and  hard, 

Ziemssen,  who  has  carefully  studied  this  subject,  states  that  unpff- 
lariioiiU  electrodes  are  necessary  in  order  to  obtain  the  complete 
results  with  ccrtsunty.  The  advantage  of  unpolarizable  electrodes  is, 
that  ihey  are  not  so  painiiil,  and  so  a  current  of  from  thirty  to  sixty 
elements  can  he  borne  for  a  long  time,  say  from  ten  to  thirty  minntcs. 
With  ordinary  electrodes  such  a  current  would  for  most  persons  be  un- 
endurable after  the  second  minute. 

Chemical  Ejects  of  the  Galiuinii  Current  on  the  Skin. — The  chemical 
effects  of  the  galvanic  currcol  on  tlie  skin  differ  not  only  in  degree  but 
in  kind.  Under  the  negative  pole — when  metallic  electrodes  of  moderate 
diameter  arc  applied  on  the  skin,  slightly  moistened — there  appear  small, 
pale  vesicles,  that  are  transparent  and  are  not  raised  much  above  the 
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skir;.  This  pliciomcna  is  produced  by  a  current  chitt  causes  a  stronj 
burning  sensation.  These  vesicles  contain  fluid  and  layers  of  cpidcmii* 
The  fluid  is  alkaline.  WTien  the  strength  of  the  current  is  increased  tht 
fluid  becomes  of  a  brownish  color,  and  blisters  are  formed  and  a  rec 
areola  apjiears.  Tbic  serum  that  cotnes  out  on  the  skin  is  alkaline 
These  blisters,  and  all  the  other  phenotucna,  as  has  been  ofter 
demonftlrated,  appear  more  rapidly  on  delicate  than  on  thick  skins,  and 
when  fully  formed  ihey  are  a  long  time  in  healing,  and  for  days  and 
.weeks  a  yellowish  and  brownish  discoloration  maybe  observed  at  the 
jminis  where  the  skin  was  acted  oo. 

If  thcap])lication  be  still  more  protracted  little  ulcers  arc  formed,  that 
are  also  slow  to  perfectly  heal,  but  are  not  painful,  and  cause  no  an- 
noyance. 

At  the  positive  pole,  when  a  strong  current  is  used  for  some  rime,  a 
blister  api>ears,  accompanying  llie  otlier  sj-mploms  of  "goose-flesh," 
ischxmix  The  blister  is  colored  in  its  centre  a  yellowish  brown. 
The  serous  fluid  that  comes  from  the  blisters  is  aci'rf.  The  metallic  elec- 
trode becomes  black  through  exidaiioH.  In  order  to  demonstrate  this 
action  uf  the  positive  |>ole,  it  is  better  to  have  the  connection  at  the 
negative  pote  established  by  means  of  a  broad,  sof^  and  welt-moistened 
sponge. 

Ziemsscn  states  that  by  this  experiment,  made  with  thermometers, 
no  elevation  of  lemperatuie  takes  place  cither  at  the  positive  or  nega- 
tive pole. 

Id  all  these  chemical  actions  of  the  galvanic  current  on  the  body,  it  is 
probable  that  more  or  le«s  ozone  is  produced,  and  it  is  not  impossible 
ihat  the  ozone  thus  produced  may  in  some  way  modify  the  effects. 
(See  section  on  (7w«^and  Ulcers,  in  Electro-Therapentics.) 

Eiectraattasthesia. — It  has  fur  some  time  been  a  matter  of  dispute 
whcltier  a  slight  anaesthesia  can  be  produced  by  the  electric  current. 
It  is  well  known  that  for  a  number  of  years  some  dentists  have  been 
accustomed  to  connect  the  forceps  for  extracting  teeth  with  one  pole 
of  an  electro-magnetic  apparatus  while  the  patient  rested  his  foot  on  the 
other  pole,  50  that  as  soon  as  the  forceps  seized  hold  of  the  tooth  a  cur- 
rent is  established.  Although  this  method  of  producing  aniesthesia  is  not 
now  received  with  favor,  there  is  no  question  that  the  electric  currents 
do  have  a  slight  benumbing  effect.  The  results  of  various  experiments 
that  we  have  from  time  to  time  performed  in  this  department  seem  to 
be  conclusive.  We  have  had  teeth  extracted  white  a  strong  faradic 
current  was  passing  tlirougU  the  juw,  and  feel  assured  from  this  personal 
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Biiencc  that  the  electricity  caused  the  pai'n  to  be  less  sensitively  fc]t. 
Thai  the  pain  caused  by  the  prick  of  a  pin,  Tor  example,  is  less  sensi- 
tively felt  when  a  strong  faradic  current  is  passing  throxigh  the  |>art 
where  the  puncture  is  made,  we  ha.ve  practica^Uy  demonstrated  oi.  the 
hand  and  other  parts  of  the  body. 

Allhaus*  arrived  at  the  conclusion  ihat  the  electric  current  could  pro 
duce  an  anaesthetic  or  slightly  paralyjiiiig  efTect,  from  experiments  on 
the  aerve-trunks,  as  the  ulnar  and  sciatic.  His  method  of  operating 
was  to  place  the  positive  pole  over  some  point  where  the  nerve  was 
superficial,  and  (he  negative  over  some  one  of  the  terminal  bmnches, 
keeping  up  the  action  of  ihe  current  for  fifteen  minutes,  with  the  result 
of  pioducing  a  feeling  of  numbness,  and  less  sensitiveness  to  the  cur- 
renL  Knorr,  of  %tttnich,  has  availed  himself  of  the  ansestbetic  effects 
of  electriiation  for  opening  felons  and  buboes. 

We  have  also  experimented  on  inflamed  and  irritated  mucous  mem- 
branes. In  thinitiSt  phar)-ngitis,  and  larj-ngitis,  we  have  for  three  years 
been  accuslonicd  continually  to  make  use  of  the  benumbing  effects  of 
elcctmation. 

It  has  a  very  slight  anxschetic  effect  on  irritated  and  inflamed  mucous 
nurmbranc,  and  those  on  whom  it  has  been  employed  desire  to  have  the 
applicatioos  repealed.  Our  custom  lias  been,  m  some  ca&es,  to  use  local 
racadization  after  the  application  of  caustics  and  other  irritants,  in  order 
to  relieve  Ihe  very  annoying  pain  that  they  so  often  cause,  or  in  any 
irritable  condition  of  the  parts. 

A  French  physici.in,  M.  Victor  Rcvillotit,  h.is  obtained  similar  resuiti 
from  applications  of  the  faradic  current  to  the  uterus  after  cauteriza. 
•ioD.  f 

Ehciricai  ExeUabUity  0f  thf  Skin. — Tschiriewt  and  De  Wattcville 
have  pointed  out  a  method  by  which  Ihe  absolute  and  relative  excita- 
bility of  the  cutaneous  nerves  can  be  readily  tested.  The  jirinciples 
of  their  method  arc :  tsL  Elimination  of  all  the  sources  of  variation  in 
the  strength  of  the  currents  due  to  the  variable  ihiclcness  of  the  epi- 
dermis, and  ihc  different  positions  of  the  electrodes,  etc,  by  intercalat- 
ing in  the  circuit  such  resistances  as  to  make  such  variations  insignifi- 
cant. 2d.  Elimination  of  the  variable  abundance  of  nervous  elements 
in  ihe  skin,  by  exciting  it  at  a  constant  number  of  points,  dispersed 
over  a  constant  surface. 


•  MMUat  FJtttrieity.     i86a     pp.  l66,  167. 

f  Arthtvts  GiniraUi  J*  Miditin*.     September,  i8£S.     p.  35& 

X  Braiu.     Part  VI. 


(CnoN  OF  Er.ECTRlCITr  ON  THE   B»AIN  AMD  SPINAL  CORD. 

Dirtet  Application. — It  has  been  shown  by  Fntsch  and  Khzig  that 
in  the  cerebral  convolutions  there  arc  centres  for  the  production  of 
voluntary  muscular  movements  in  various  ])arlsof  the  boily.  'I'hese 
physiologists  took  off  the  upper  pan  of  the  skull  of  a  dog,  and  by 
means  of  weak  gahanic  currents  excited  the  cxiiosed  brain,  locating 
the  current,  as  far  as  possible,  in  sina]!  portions.  They  found  that 
when  certain  definite  portions  of  the  anterior  convoUilions  wt-re  excited, 
mavemitiis  wen  caused  trt  certain  groups  of  muscles  on  the  opposite  side 
of  the  body.  Continuing  their  researches,  ihey  showed  that  there  are 
(Iflinite  ncr\x-cenires  for  the  nerves  that  preside  over  the  mttscles  of 
[he  neck,  the  foot,  and  the  face,  for  the  extensor  and  adductor  musclea 
of  the  forearm,  and  for  the  flexor  and  rotator  muscles  of  the  arm. 

Prof.  Fcrricr,  of  King's  College,  London,  has  made  simitar  researches 
with  x\\(t  faradie  current,  and  with  it  has  investigated  the  brains  of  fish, 
frogs,  dogs,  cats,  rabbits,  guinea-pigs,  and  monkeys.  He  has  studied 
not  only  the  cerebmm,  but  the  cerebellum,  the  corpora  quadrigemina, 
and  other  portions  of  the  brain.  Electiization  of  the  oplic  ihalami 
produced  no  result.  Klcctrization  of  the  corpora  striata  caused  the 
limbs  to  be  flexed.  Electrizatfon  of  the  anterior  tubercles  of  the  corpoia 
quadrigcmina  caused  dilatation  of  the  pupils  and  opisthotonus ;  while 
electrization  of  the  posterior  tubercles  caused  the  animal  to  make  all 
sorts  of  noises.  Elitctrt^aiion  of  the  cerebellum  caused  movements  of 
the  eyeballs.  Dr.  Beard*  has  carefully  studied  this  subject  on  the  brains 
of  dog«,  rabbits,  cats,  and  pigeons.  He  used  both  currents,  mild,  me- 
diuui  and  strong,  and  studied  also  the  question  of  diffusion  of  currents. 
His  provisional  conclusions  were,  that  the  surface  of  the  brain  was 
electrically  excitable ;  that  the  theory  advanced  by  Dupuy  and  other 
French  observers,  that  the  excitation  was  due  to  the  diffusion  of  the  cur- 
rents to  the  central  ganglia,  was  not  tenable.   Dr.  BarthoEow  f  had  made 

*  Archive*  of  EI«ctroLogy  and  Neurology.     May,  1S74.  f  Ibid. 
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sunilar  expenroetits  on  Ihe  brain  of  3  living  iromaji,  exposed  by  can- 
cerous disease. 

Efftiti  0/  External  Galvanisatien  of  ihe  Brain. — The  leading  effect 
of  medium  and  strong  gaJvanizatioD  of  the  brain  by  external  application 
in  the  living  human  subject  is  iliffercnt  When  one  electrode  is  placed 
on  the  forehead  and  Ihe  other  on  the  occiput,  or  one  on  the  summit  of 
the  head  and  the  other  on  the  stomach,  galvanUation  is  followed  by 
little  if  any  tendency  to  vertigo.  When  a  current  of  even  feeble  tension 
La  passed  from  temple  to  temple,  or  from  one  mastoid  bone  to  its  fcllov, 
very  decided  diijiorss  is  at  once  i>erccivecl,  which  continues  during  the 
operation  of  the  current,  and  becomes  most  decidedly  inauifcsted  at  the 
mcmient  the  circuit  is  broken. 

During  the  passage  of  the  current  there  is  a  vciy  marked  and'  quite 
irresistible  tendency  to  lean  toward  the  positive  pole,  while  objects  in 
vicv  sceto  to  move  in  Ilie  same  direction.  When  the  circuit  is  opened 
there  is  a  reversal  in  the  direction  of  the  seeming  movements,  and  the 
experimenter  instantly  bends  in  the  opposite  direction  toward  ibe  nega- 
tive pole. 

For  these  phenomena  an  ingenious  and  plausible  explanation  is  given 
by  Hitng.  When  the  current  passes  from  the  forehead  to  the  occiput, 
the  right  and  left  lobes  of  the  brain  and  alt  that  pertains  to  them  are 
equally  or  syminecrically  inSuenced,  and  liltis  if  any  dizziness  is  per- 
ceived. Place,  however,  the  anude  upon  one  temple  and  the  cathode 
upon  tlie  odicr,  and  maik  the  rcadinc&s  with  which  dizziness  b  produced. 

In  this  operation  tlie  brain  is  no  longer  symmetrically  affected.  Oue 
hemisphere  is  in  a  condition  of  anelectrotonos,  or  diminished  irritability, 
irhile  the  other  is  in  a  condition  of  caiclectrotonos,  or  increased  irriia- 
bility,  or,  as  it  is  expressed,  there  is  a  falsilication  of  the  muscular  sense, 
a  disturbance  of  the  equilibrium,  and  the  apparendy  involuntary  incli- 
nation toward  the  anode  is  in  reality  a  voluntary  effort  to  restore  the 
imaginary  loss  of  balance. 

Hitiig  indicates  several  degrees  of  galvanic  giddiness. 

I.  A  wure  sense  o//ul»ess  in  the  head.  This  feeling  is  caused  by  a 
mild  current  when  broken,  but  not  usually  when  the  current  is  ninning, 
nor  so  markedly  when  the  current  is  closed.  Certain  temperaments, 
howo'er,  experience  tliis  feelmg  not  only  when  the  current  is  broken, 
but  also  when  it  is  running. 

3.  Apparenl  movements.  These  are  produced  by  stronger  currents. 
Objects  when  the  current  is  running  appear  to  go  from  the  positive  to 
the  negative  pole  ;  when  the  current  is  broken  the  apparent  movement 
is  reversed. 
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3-  Siaggiring.  This  is  produccil  by  stronger  currents.  In  impress 
tbltf  leiiiperanients  very  mild  cnirents  may  proUttce  It. 

Movitnenis  of  the  Eyts. — Moi'ementi  of  ike  eyeballs  have  also  been 
observed  by  Hitzig  duriiig  the  second  and  third  stages*  of  diuuncss. 
UTien  a  strong  current  goes  transversely  through  the  head,  and  its 
direction  is  changed,  movements  of  the  eye,  resembling  nystagmus, 
appear.  There  is  a  jerk,  and  then  a  further  movciueiu.  If  the  positive 
pole  be  in  the  right  mastoid,  and  the  negative  in  the  left,  both  eyes  are 
jerlced  toward  the  left,  and  kept  there,  provided  the  current  be  suffi- 
ciently strong. 

There  arc  anatomical  reasons  for  supposing  that  the  brain  can  be 
more  easily  affected  in  the  mastoid  and  occipital  regions  than  in  the 
anterior  portion.  A  large  vein  connects  Ihe  transverse  sinus  with  the 
posterior  auricular  veins,  and  wii]i  the  posterior  nieninguaj  artery  into 
the  skull  throtigh  the  mastoid  roramen.  In  the  occipital  regioti  a  vein 
connects  the  transverse  sinus  with  the  vena  ccrvicalis  profunda  throu^ 
the  posterior  condyloid  foramen.* 


SPINAL   CORD. 

Rigid  cramps  of  all  the  muscles  of  the  trunk  and  extremities  follow 

eleclriwition  of  the  spinal  cord  when  an  cicctrodo  is  placed  at  either 
eitremity  of  the  cord.  Cramps  of  the  same  character  are  also  pro- 
duced when  one  clectrmlc  is  applied  to  the  anterior  and  the  other  to 
Ihe  posterior  column,  either  at  their  upper  or  lower  extremities. 

3f  the  spinal  cord  be  divided  at  about  its  centre  and  the  lowTr  half 
clcctrued,  only  the  muscles  of  the  lower  or  hinder  lunbs  will  contract. 
If  the  upper  half  be  electrized,  only  the  muscles  of  the  fore  limbs  will 
enter  into  contraction.  The  results  will  be  the  same,  whether  the  cut 
extremities  arc  separated  or  brought  in  close  contact,  in  which  latter 
condition  no  impediment  is  oAered  to  the  passage  of  the  current. 
The  al)ove  researches  of  Weber  have  been  confirmed  by  Dr.  Beard's 
experiments  on  dogs  and  rabbits.  Tlie  effects  are  produced  by  both 
currents. 

Inhibitory  Effects. — At  the  moment  of  closing  and  breaking  a  gal- 
vanic current  its  action  upon  the  cord  is  manifest  by  the  contraction  of 
the  muscles  of  the  body  and  limbs  ;  but  during  the  passage  of  the  cur 


*  Quoted  from  Laichla  ajiA  Anatomh  dtt  Jtfiiuekrm,  vol.  liL,  a,    p.    154,    b; 
AllhaKa     Third  edition,  p.  139. 
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rent  do  contnctions  are  observed,  and  a  paialyzing  cfTcci  soon  talcci 
place.  The  cord  remains  insensible  to  any  stimulus  that  may  be  a.p 
pUcd  to  it  as  long  as  the  CTirretit  is  passing,  but  at  its  cossation  any 
OKchanical  irrilalion  w-ill  give  rise  to  the  usual  tetanic  convulsions. 
This  diminution  of  excitability  is  con^ncd  nione  lo  the  spinal  cord,  foi 
if  ihe  motor  nerves  and  muscles  arc  traversed  by  an  iniiucetl  current 
(while  the  cord  is  under  the  inducnce  of  the  galvanic)  they  contract 
vigorously.  The  galvanic  current  applied  through  the  spinal  cord  for  3 
long  time  produces  paralysis 

According  to  Mayer,  if  a  mild  faradic  current  be  applied  to  the  cervi- 
cal region  of  frogs  that  are  in  an  irritable  condition,  movements  of  the 
lower  extremities  occur.  Electrisation  of  the  posterior  columns  pro- 
daces  these  movements  easier  than  eleclmation  of  the  anterior  cob 
umns.  If  the  posterior  columns  arc  removed  no  movements  occur.  If 
the  cord  is  divided  iuEo  halves,  posteriorly  and  anteriorly  from  above 
nearly  down  to  the  origin  of  the  sciatic  nerve,  electrization  of  the  pos- 
terior half  produces  movements,  but  electrization  of  the  anterior  does 
not.  If  the  posterior  roots  011  the  trunk  of  the  brachial  nerve  are  elec- 
trized, the  movements  are  produced  just  as  when  the  cord  itself  is  elec- 
trized. Fick,  however,  declares  that  the  anterior  columns  respond  lo 
faradixalion. 

Cilio-spinal  Cftttre. — The  cervical  sympathetic  nerve,  which  animates 
the  radial  Abres  of  the  iris,  takes  its  rise  from  the  spinal  cord  between 
the  seventh  cervical  and  the  sixth  dorsal  vertebrae. 

If  this  portion  of  the  cord  be  galvanized,  the  excitation  is  transmitted 
to  the  cervical  sjinpathetic  nerve,  and  thence  to  the  iris,  producing  dila- 
tation of  the  pupil.  This  point  has  been  termed  by  Hodge  and  Waller 
the  centrum  cilh-spinale.  A  ganglion  near  the  fifth  lumbar  vertebra 
which,  on  being  electrized  in  animals,  produces  contractions  of  the  rec- 
tum and  bladder,  is  called  the  ganglion  gtnUo'Sfmaie, 

The  first  of  these  points,  the  eenirum  ciliQ-spinale,  can  be  demon- 
strated by  external  applications  both  of  the  galvanic  and  faradic  cur 
rents,  and  b  of  great  importance  in  general  faradization.  The  ganglior. 
^entto-splnaie  also  is  probably  directly,  though  not  so  demonstrably, 
affected  by  external  electrization  of  the  spine. 


CHAPTER  V. 


ACnOX  OF    ELECHUCrrV  an  the  SVUPATHEnC  AND  PITBUVOGASTKIC. 


Ik  order  to  intelligently  appreciate  the  experiments  that  have  beeo 
made  to  detenninc  the  actiun  of  clcctiicil;  on  the  sympathetic  and 
pneumogastric  it  is  necessary  to  keep  constantly  before  the  mind  the 
rollowing  considerations : 

I.  The  action  of  electricity  on  the  sj-mpatheric  ai»d  pneuraogastric 
must  be  modified  by  the  kind  of  electricity  employed,  by  the  strength 
of  the  current  and  length  of  the  applications,  and  by  the  condition  antl 
temperament  of  the  subject  in  which  the  experiment  is  made. 

To  say  that  galvanizing  the  s)Tiipathetic  produces  such  and  such 
effects  is  really  to  give  no  information  whatsoever,  for  at  once  the 
inquiring  soul  raises  the  questions.  How  strong  were  the  currents  used? 
How  long  were  the  applications  ?  Were  men  or  animals  sibjertcd  to 
the  experiment  ?  Were  they  intact  or  injured  ?  If  animals,  what  kind, 
and  were  the  results  the  same  on  several  animals  of  the  same  kind  ? 

a.  These  nerves  can  be  affected  both  by  external  and  internal  appU* 
cations  of  electricity. 

The  fact  that  external  electriiation  affects  these  nerves,  which  has  by 
some  been  disputed,  is  fully  apparent  from  what  is  known  in  general 
of  the  electro-conductivity  of  the  body,  is  conitrmed  by  special  experi- 
ments, and  is  demonstrated  by  observations  in  ph)-siologica)  and  patho- 
logical cases.  This  is  true  not  only  of  the  cervical  sj-mpathctic  ganglia, 
but  of  ail  the  ganglia  of  tlie  body.  Known  facts  in  regard  to  the  elec- 
tro-conductivity of  the  body  show  that  none  of  the  ganglia  of  the 
^mpathetic  can  escape  the  electric  influence  when  the  current  is  ap- 
plied over  the  surface  of  the  body. 

3-  'ITie  effects  of  external  application  through  the  skin  on  these  nerves 
c  innol  be  cx|icclcd  to  be  identical  in  kind  and  degree  with  the  effects 
of  direct  application  to  the  nerves  themselves.  Although  the  cer^-ical 
ganglia  of  the  sympathetic  and  the  pncunKJgastric  nerve  are  traversed  by 
the  currents  of  electricity  when  the  elcctro<les  arc  placed  on  the  skin  in 
•ucha  position  that  the  current  in  passingfromone  to  the  other  finds  these 
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nerves  in  their  pathway,  yet  on  physical  or  ph>'sio]ogical  principles  we 
cjuuiot  expect  the  same  results  as  when  ihe  one  or  both  poles  are  di- 
rectly applieii  to  the  nerves.  In  external  applications  it  is  the  derived 
currents  that  pass  through  the  nerves,  and  direct  poiar  effect  is  not 
gained  When  we  consider  that  tlie  currents  in  passing  from  one  pole 
to  the  other  diffuse  themselves  into  nuinberless  undulatory,  diverse  cur> 
rents,  it  is  easy  to  see  that  only  a  small  part  of  the  electric  infltietice 
win  be  a{)})reciated  by  such  small  nerves  as  the  sympathetic  ganglia  or 
the  pneumogostric.  In  the  body  between  the  electrodes  the  currents 
act  like  diflused  light ;  at  the  electrodes  the  currents  act  hke  light  cuu 
centrated  to  a  focus.  If  currents  of  sufficient  power  could  be  borne 
eztenially,  it  is  possible  that  by  single  external  a]jplications  there  coiild 
be  produced  all  the  effects  duit  ate  oblaiocd  by  direct  applications  to 
the  nerves  Acmselvcs ;  but  this  is  hardly  probable,  for  the  twofold  rea- 
son that  the  differential  polar  effect  could  not  be  obtained,  and  that 
the  great  sticuulation  of  each  of  the  electrodes  on  the  surface  would 
complicate  the  experiment.  These  considerations,  as  it  seems  to  us, 
sufficiently  explain  what  to  many  has  been  regarded  as  a  great  diffi- 
culty—that the  ordinary  therapeutical  measures  for  electrizing  the  sym- 
pathetic do  not  produce  the  same  effects  as  direct  ap])lications  to  the 
ganglia. 

That  the  syiupatheticand  the  pneuiiiogastric  axe  traversed  by  the  cur- 
rent when  the  electrodes  arc  placed  on  the  surface  of  thff  neck,  is  siiffi- 
cicntly  probable  from  the  known  laws  of  electric  conduction.  When 
one  electrode  is  placed  at  the  nape  of  the  neck,  and  the  other  at 
the  anterior  border  of  the  stcmo-cleido-mastoid  muscle,  the  current, 
whether  (aradic  or  galvanic,  however  widely  it  may  radiate,  and  however 
niunerous  the  branch-ctirrcnts  may  be,  must  by  physical  necessity  trav- 
eiBC  the  sympathetic  and  piicumogastric  There  is  no  more  prob- 
ability thai  it  will  go  out  of  its  way,  in  violation  of  physical  laws,  and 
avoid  these  nerves,  than  that  a  »torm  sweeping  between  New  York  and 
Brookljn  will  take  a  circuitous  march  and  avoid  the  East  River. 

These  nerve* — the  sympathetic  and  pncumogasiric — and  the  tissues 
by  which  they  are  surrounded,  are  good  conductors,  very  much  superior 
in  conductivity  to  the  skio,  and  uf  almost  the  same  conductivity  as  the 
muscles ;  and  even  if  some  branch  or  derived  currents  pass  through 
other  tissaes,  as  unquestionably  is  the  case,  these  nerves  cannot  be 
wholly  avoided,  and  when  The  electrodes  are  in  central  positions  they 
•re  probably  die  highway  through  which  nearly  the  entire  charga 
pauses. 

Buc  siionger  than  the  analogies  of  electro  physics,  and  more  con- 
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vincmg  than  experimeius  on  the  dea^  subject,  are  the  observed  effecti 
of  electrization  of  Che  neck  in  physiological  and  pAthological  cases. 
These  effects,  which  will  be  detailed  further  on,  harmonize  so  closely 
with  all  our  knowledge  of  ncrvo- physiology,  and  accord  so  exactly  with 
paihological  observation,  as  to  demonstrate  beyond  doubt,  and  wiih  an 
emphasis  by  which  those  who  observe  cannot  fail  to  be  impressed,  that 
the  sympathetic  and  pneuniogastric  can  be  aflfected  by  extenial  faradi- 
zation or  galvanization  of  the  neck. 

4.  It  is  diDiciilt,  if  not  inipossible,  to  afTcct  the  cervical  sympathetic 
or  the  pneumogastric  by  external  applications,  without  at  the  same  time 
affecting  the  depressor  nerve,  the  spinal  cord,  or  the  brain,  and  especially 
difficult  is  it  to  limit  the  action  to  the  pneumogastrtc  without  at  the 
same  time  affecting  the  sympathetic,  and  vice  versa. 

This  conclusion  follows  as  a  logical  result  from  the  anatomical  rela- 
tioQ  of  the  parts  and  from  what  is  known  of  the  electro-conducdvity  of 
the  body,  and  is  pretty  distinctly  demonstrated  by  the  physiological  and 
tlierapeiitical  action  of  the  current  when  extemalty  applied.  In  what- 
ever  position  we  place  the  electrodes,  the  derived  currents,  in  passing 
fromone  electrode  to  the  other,  must  traverse  some  portion  of  both  of  the 
great  nerves.  The  base  of  the  brain  and  the  region  of  the  neck  constitute 
the  most  important  part  of  the  central  nervous  sj'stem.  So  far  as  life 
can  be  said  to  have  any  centre,  it  is  here,  where  the  pueuiuogastric,  the 
phrenic,  and  the  other  great  nerves  take  their  origin.  Directly  or  indi- 
rectly, by  the  actual  passage  of  the  current,  or  by  reflex  aclion,  any  part 
of  this  important  region  is  liable  to  be  affected  in  the  applications  em* 
ployed  in  the  so-called  galvanization  of  the  cervical  synipathettc 

It  is  partly  on  account  of  this  difficulty  of  limiting  the  action  of  the 
canent  to  one  or  other  of  these  great  nerves  that  we  Heated  iheni  both 
under  the  same  chapter.  When  operating  on  these  nerves,  exposed 
and  laid  bare  and  isolated,  the  action  of  the  current  can,  of  course,  be 
limited  pretty  exclusively  to  the  nerve  operated  on.  The  cervical 
ganglia  of  the  sympathetic  receive  the  chief  attention  in  all  these  ob- 
servations, because  they  are  prominent  and  accessible  and  bear  a 
powerful  and  recognized  influence  over  the  cerebral  circulation  ;  but 
all  the  ganglia  of  the  sympathetic  are  accessible  to  the  electrical  inilu- 
ence. 

Aclim  0/  EhclricUy  on  the  Cranial  Portion  0/  iht  Sympatkttic. — In 
(737  M.  Pourfour  du  Petit  discovered  that  the  following  S}'Tnptom9  re- 
sulted from  division  of  the  cervical  filaments  of  the  sym[>athetic  nerve, 
vii.  :  contraction  of  the  pupil,  rcdnesii  and  injection  of  the  conjunctiva, 
ind  flattening  of  the  cornea ;  the  eyelids  approach  each  other,  (he 


SYMPATHETIC  AKD   PNEUMOGASTRIC. 


119 


nictitating  membrane  becomes  more  prominent,  the  secretion  (rom  the 
mucous  surfaces  of  the  eye  is  increased,  and  the  eyeball  is  drawn  fur- 
ther into  the  orbit.  In  addition  to  these  sj*mptoms,  the  ears  and 
nostrils  also  become  red  and  injected,  and  ihc  head  hotter  and  more 
sensitive. 

Claude  Bernard  observed  that  not  only  did  all  these  phenomena  die* 
•ppear  when  the  crauial  portion  v(  the  nerve  was  submilted  to  electri- 
zation, but  that  quite  reverse  phenomena  appeared.  The  pupil  be- 
came  larger  than  natural ;  the  conjunctiva,  the  cars,  and  the  nostrils  be- 
'  came  quite  pale;  the  eyeball  protruded  from  its  orbit;  the  mucous 
fpxfaces  became  drier,  and  the  head  cooler  and  less  sensitive ;  but  as 
soon  as  electrization  was  discontinued,  all  the  phenomena  caused  by 
the  section  of  the  nerve  again  appeared. 

Electrisation  of  the  great  sympathetic  btfort  it  is  divided  produces 
almost  precisely  Itic  same  results  as  after  division.  It  has  been  ob* 
served  by  Weber,  that  if  cither  the  inferior  cervical  ganglia  of  the 
&ymi>athetic  nerve  or  its  cardiac  branches  arc  submitted  toeleclrization, 
the  aciion  of  the  heart  is  accelerated. 

Action  of  Eleciridiy  on  the  Cephalic,  Thoracic,  and  Abdominal  Can- 
g/ia.~-ScQtitm  of  the  isynipathetic  causes,  as  we  have  seen,  increase  of 
heal  in  the  ear. 

Now  if  the  cejihalic  end  of  the  divided  sympathetic  is  electrified,  the 
increased  temperature  of  the  part  is  lnwereil ;  but  if  the  electric  current 
be  passed  through  the  large  diameter  of  the  ear,  the  temperature  is  further 
increased.  On  the  other  hand,  if  there  has  been  no  division  of  the 
q-mpathctic,  and  the  car  is  electrified,  the  beat  in  that  part  is  lessened. 

Valentin  found  that  the  galvanization  of  the  superior  thoracic  gan- 
glia revived  the  pulsation  of  the  heart  after  it  had  ceaicd,  and  increased 
the  frequency  of  the  beats  when  already  in  action.  Mild  galvanization 
of  the  splanchnic  nerves  that  arise  from  the  six  lower  dorsal  ganglia 
of  the  sympatheric  increases,  while  strong  galvanization  diminishes, 
llie  peristaltic  action. 

Effect  of  dirtct  EUctritation  of  the  Pfuumogastric  and  on  the  Jtespi' 
raiwH, — MM.  Arloing  and  Tripier  have  shown  that  section  of  the 
pneumogastric  below  the  medulla  oblongata  so  far  modifies  its  iinta. 
bility  that  the  action  of  the  heart  is  not  arrested,  or  but  for  a  short  time, 
by  the  faradization  of  the  distal  end  of  the  cut  pneumogastric 

The  same  authors  believe  that  weak  faradic  currents  cause  a  sli^t 
increase  in  tlie  rapidity  of  the  beats  of  the  heart  and  elevation  of  the 
blood'piessure  in  the  arteries. 

They  found  that  the  right  pneumogastric  has  a  more  powerful  mflu 
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eacc  over  the  heart  than  the  left  Faradizatioa  of  the  i  cripheral  end 
of  the  divided  pneuniogasmc  causes  anest  of  the  aciioo  of  tlie  heart, 
sudden  irregularitin  of  lU  rhythm,  atvd  sotmc  diminution  of  pressure. 
Fai^zaticm  of  the  central  end  causes  retarded  and  diminished  pres- 
•ure. 

According  to  MM.  Arloiiig  and  Tripier,  faradization  of  the  ia/tur 
pneuinogastric  vnih/eelf/e  currents  does  not  accelerate  re^inuion ;  Cira- 
dizanon  with  medium  cunents  cauMrs  sudden  in:>piratioa  and  forced 
expiration  ;  faradisation  with  strong  and  powerful  currents  causes  re- 
flex coughing  and  vomiting.  The  Binic  observers  found  that  the  lef^ 
pncumogastric  has  a  more  powerful  influence  over  respiration  than  the 
right. 

The  discovery  that  the  HgA/  pncntnogastric  has  a  greater  power  over 
the  heart  than  the  left,  was  made  by  Masoin,  of  Belgium,  about  the  same 
time  as  it  was  made  by  i-Vrloing  and  Tripier.  Masoin  found  the  move- 
mentB  of  the  heart  were  slopped  by  the  galvanization  of  the  left  pncumo- 
gastric It  was  possible  to  restore  the  movements  by  a  mechanical  ex> 
citation,  such  as  striking  the  heart  with  the  finger ;  but  after  the  move- 
ments were  stopped  by  galvanization  of  the  right  pneiunogastric,  it  was 
not  possible  to  restore  them  in  that  way. 

Dr.  Brown-Sfiquard*  states  that  he  has  found  the  same  differences  to 
exist  in  men  as  in  animals,  judging  frcwu  experiments  made  not  by  electri- 
city, but  by  pressing  on  the  nerves  near  the  angle  of  the  jaw. 

Arrest  of  Respiration  by  Galvamzation  ef  the  Laryngeal  and  other 
Branches  of  the  Pneumo gastric. — It  has  been  shown  by  Urown-S^qiiardi* 
that  electrization  of  the  upper  or  the  lower  laryngeal  nerves  causes 
arrest  of  Uic  respiration,  and  Bidder  has  sliown  that  a  reflex  spasm  of 
the  glottis  may  be  caused  in  the  same  way.  Electrization  of  the 
cesophagus  and  pharynx  may  sometimes  produce  the  same  effect  If 
the  upper  laryngeal  nerve  is  electrized  after  the  chest  is  opened,  the 
arrest  of  the  respiration  does  not  take  place  as  easily  as  when  the 
chest  is  not  open.  The  rcspiralton,  when  thus  arresttfd,  usually  re- 
turns in  the  course  of  a  quarter  or  half  a  miiiute,  whether  the  electriza- 
tion is  continued  or  not. 

The  etTect  of  electrizing  the  pneumc^astric  on  the  respiration  ii 
modified  by  two  factors — the  portion  of  the  nerve  that  is  electrized 
and  the  strength  of  the  current.  Mild  galvanization  of  tlic  pnciimogas- 
bic  in  the  lower  part  of  the  neck  may  increase  the  respiratory  more- 

*  Arthivet  a/Seitmtifit  «md  prmlkot  Mtjifim    JwnMiy,  1873.  p,  9a.. 
f  Loc  dt,  T?.  96. 
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ments ;  weak  electrization  in  the  upper  part  of  the  neck,  near  the  origiii 
of  the  nerve,  may  arrest  respiratioc. 

A  mild  current  may  increase  the  respiration  or  diminish  it,  or  it  maji 
have  no  cflfcct  whatever. 

A  medium  current  may  arrest  respiration  and  cause  spasm  of  the 
glottis  and  of  the  muscles  of  in<)i]iration. 

A  powerful  ciureat  may  paralyze  the  diaphragm,  and  may  produce 
death  without  the  accompajiying  symptoius  of  agony.* 

Coughing. — A  promiocnt  clfcct  of  clcctr)j:ing  the  pneiunogastric  it 
toughing.  This  symptom  may  be  excited  by  external  as  well  as  b> 
inieinal  applications,  and  by  the  faradic  as  well  as  by  the  galvanic 
cunen. 

We  made  our  first  experiments  in  thiii  dii-cction  in  [S67.  Dr.  Rock- 
well then  observed  that  the  application  of  cither  pole  of  a  strong  faradic 
current  to  the  nape  of  the  neck — Ilie  other  pole  being  at  the  feet,  or  in 
either  hand,  or  at  the  pit  of  the  stomach — excited  in  sensitive  patients 
quite  severe  attacks  of  coughing,  thai  lasted  so  long  as  tlie  pole  letuaiued 
in  position.  Most  clearly  this  effect  was  seen  in  thin  and  sensitive  pa- 
tients. It  was  not  necessary  to  be  particular  in  regard  to  the  position 
of  the  pole  on  the  neck  in  order  to  excite  this  symptom  ;  not  only  in  the 
cilio-spinal  centre,  but  even  when  the  pole  is  as  low  down  as  the 
■  first  and  second  dorsal  verCebne,  the  lan-ngcal  branches  of  the  pneu- 
mogastric  may  be  so  irritated  as  to  induce  coughing. 

This  phenomenon  we  daily  observed  in  ttie  operation  of  general 
{anulizalion.  The  same  effect  follows  the  use  of  Urpng  interrupted  gal- 
vanic currents. 

According  to  Dondcrs,  the  pneumogastrlc,  when  acted  upon  by  the 
gaJi'aiii^  current,  conforms  to  Pfl(}ger's  law  of  contraction;  in  the 
region  of  anelectrotonos  its  irritability  is  lessened ;  in  the  region  of 
catelectrotoDOS  its  irritability  is  sometimes  increased. 

Ji/ivrt  of  ExternaJ  Applications  of  Electricity  en  the  Pneumogastrie 
and  Cervital  Sympathetic  of  living  uninjured  Men. — The  experiments 
above  recorded  were  made  chiefly  on  the  exposed  nerves  of  animals,  and 
the  applications  were  made  directly  to  tlie  nerves  by  one  or  both  poles. 
Keeping  in  mind  the  considerations  previously  adduced,  we  proceed  to 
examine  into  the  effect  of  external  applications  of  electricity  on  the 
cervical  sympathetic  and  the  pneumogastrie  of  living  men  in  health. 
Id  our  attempts  to  solve  ihc  problem,  we  have  experimented  on  a 

•  ArtAivft  of  Sfitntifit  and  P^diert  Mtdidne,  No.  i,  1&73,  p.  96.  WTielhei 
tboM  fxperimoiu  w«re  i^fuimcd  wiib  ihc  fuadic  01  galvatiic  cutrent  is  not  dw 
tfocUy  stated. 
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kige  variety  of  individuals  of  different  ag«s  and  by  different  methods  of 
ai^ptication.  One  of  the  electrodes  is  placed  tn  the  mastoid  fossa,  and 
the  other  over  the  seventh  cervical  vertebra,  or  at  the  top  of  the  cla^-icle. 
Both  directions  of  the  current  are  used.  We  used  in  these  experiments 
a  zinc  carbon,  or  the  Smce's  battery,  of  from  5  to  30  cells,  from  1  to  5 
or  10  minutes. 

The  general  results  of  our  researches  may  be  thus  summed  up  : 

1.  A  slight  fetling  vj  drffwsinest.  This  sometimes  began  to  be  per- 
ceptible shortly  after  the  electrodes  were  applied,  increased  up  to  a 
certain  point,  and  continued  for  some  little  time  after  the  stance  was 
over.  In  many  cases  it  is  not  obser^'ed  until  the  lapse  of  (ive  or  ten 
minutes  after  the  siance.  The  feeling,  which  was  by  no  means  con- 
stant, was  usually  so  slight  that  it  might  not  have  been  observed,  had 
we  not  in  our  experiments  kept  closely  on  the  watch  for  every  sensa- 
tion experienced  during  or  just  after  the  application. 

Some  individuals  are  amazingly  susceptible  to  this  soporific  effect  of 
galvanization  of  the  neck.  A  young  lady  whom  we  were  treating  for 
facial  acne  by  central  galvanization,  was  frequently  put  n'ght  to  sleep 
wUhin  one  minute  after  the  application  began.  Her  eyes  would  close 
and  hec  head  would  droop  and  nod ;  and  when  the  electrodes  were 
retDOved  she  would  awake  but  slowly,  snd  with  a  vacant  look  and 
drowsy  feeling,  such  as  we  all  experience  when  we  are  suddenly  roused 
from  a  Tiap.  This  effect  followed  any  surt  of  application  around  the 
neck  with  cither  pole  and  in  any  direction. 

On  the  accepted  theory  that  a  state  of  cerebral  anemia  predisposes 
to  sleep,  we  should  reason,  a  priori,  that  electrization  of  the  sympa- 
thetic ought  to  induce  a  feeling  of  drowsiness,  since  on  some  individ- 
uals it  unquestionably  diminishes  the  current  of  blood  in  the  brain,  and 
expcrimentaHy  we  have  found  that  it  does  thus  induce  a  slight  and 
temporary  disposition  to  sleep,  although  this  result  is  probably  far  less 
marked  than  it  would  be  if,  without  injury  to  the  living  subject,  the 
application  could  be  made  directly  to  the  ganglia,  and  this  effect  is  by 
no  means  uniform,  but  varies  with  the  strength  of  the  currents  and 
with  the  tempciament  of  the  individual. 

2.  A  feeling  0/  ivanmth  through  the  system  with  sensible  perspiration. 
This  was  not  a  constant  symptom,  though  it  was  oflenlimes  very 
decided.  To  produce  scnablc  perspiration  usually  requires  a  strong 
current  and  a  long  application.  The  extent  to  which  this  was  felt  was 
manifestly  dependent  on  the  strength  of  the  current  and  the  length  of 
the  application.  It  was  usually  felt  but  a  short  time  after  the  sianct 
wu  completed.    We  have  observed  this  effect  more  frequently  and 


SVMPATHETIC  AND   PNEUMOGASTRIC. 


133 


more  maxkcd\j  in  the  susce|*Hble  and  nervous  than  in  the  cold  and 
phlcginatic,  and  most  frequently  in  more  or  less  pachologicai  cases. 

3.  j4  marked  effeet  oh  the  pulse.  The  pulse  was  soinctinics  accele- 
rated, but  more  frequently  lowered,  two,  three,  four,  or  more  beats. 

Id  order  to  deienniae  tlie  effects  of  electrisation  of  the  sympathetic 
on  the  pulse,  we  made  die  examinations  immediately  before  and  imme- 
diately after  the  applicatiunii.  IT-vcry  prec:iuUoD  was  taken  to  avoid 
error,  by  :dlowing  an  interval  of  rest  before  the  silting,  in  order  to  give 
time  for  the  subsidence  of  the  pulse  to  its  natural  condition  from  any 
excitement  that  it  may  have  received  from  the  exertion  of  walking  or 
the  labor  of  partially  disrobing.  In  cases  of  doubt  the  whole  minute 
was  counted,  in  some  instances  several  times  in  succession.  A  patient 
unaccustomed  to  the  sensation  produced  by  lUe  elecuic  current,  or  to 
the  mcdut  optrandi  of  its  employment,  might  experience  an  accelera- 
tion of  the  pulse  from  simple  mental  excitcmeni,  not  only  prior  to  or 
at  the  commencement  of  the  sitting,  but  also  during  or  after  the  appli- 
cation. Error  from  this  cnuse  w.is  in  our  cases  manifesdy  impossible, 
and  all  the  others  on  whom  we  experimented  with  a  view  to  obtain 
physiological  results  were  so  well  faniilianzed  lo  the  medical  employ 
ment  of  electricity  that  they  would  receive  any  treatmetiL  proposed 
with  cool  indiflfcrencc.  In  order  still  further  to  guard  against  en-or,  and 
at  the  same  time  to  observe  the  continuance  or  permanency  of  the 
effect  of  (he  experiments,  we  repeated,  in  some  instances,  cur  exami* 
nations  of  the  pulse  at  inter\'al9  of  fifteen  minutes  or  half  an  hour  after 
the  sitting  was  over. 

A  corroborative  evidence  that  these  changes  in  the  pulse  were  due 
to  the  action  of  the  current,  and  not  Co  mental  excitement,  is  found  iti 
the  fact  that,  after  an  interval  of  five,  ten,  or  fifteen  minutes,  the  pulse 
returned  to  its  original  condition. 

These  changes  in  the  time  of  the  pulse  were  also  accompanied  bjr 
perceittible  changes  in  its  character,  which,  if  careful  spliyginographic 
observations  bad  been  made,  might  perhaps  have  been  reduced  to  some 
general  law. 

Eulenburg  and  Schmidt  found  that  when  the  positive  pole  of 
from  twenty  to  forty  of  Darnell's  elements  was  placed  at  the  manu- 
brium sterni:,  and  the  negative  pole  in  the  auriculo-maxillary  fossa, 
the  pupil  of  that  side  was  at  first  slightly  dilated  and  afterwards  con> 
tracted.  These  changes  in  the  pupil  are  by  no  means  uniform  in  their 
appearance.  In  some  cases  they  appear  at  ooce  after  closing  the 
circuit,  and  in  others  after  tlie  lapse  of  half  a  minute  or  minute, 
ird   in  others  after   interruptions.     Ttiese  phenomena  arc   liable  tc 
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many  variadoos,  according  to  the  strength,  length,  and  locality  of  the 
appUcatioDS.  If  an  elccuode  is  placed  in  the  auriculo-maxiilary  fossa 
of  cacii  side,  the  changes  in  tlic  i>upil  occur  on  both  sides,  but  are  more 
marked  on  the  side  on  which  is  the  negative  pole.  The  same  applica- 
tion, continued  for  some  lime  with  a  strong  current,  reduced  the  normal 
Iiulse  from  4  to  16  beats  a  minute  and  ihe  pathological  put^e  even 
more,  diminished  the  tension  in  the  carotid  and  vertebral  arteries,  and 
markedly  altered  Ihcir  sphygroographic  tracings.  The  same  obserrers 
found  that  galvanizatioo  of  the  ifiiac  alw  diminished  the  beats  uf  the 
pulse. 

EffiCi  of  External  Eltfirtsation  through  the  ntek  en  the  Retinal 
Circulation. — In  order  to  determine  the  effect  of  external  applica- 
tions of  electricity  through  the  neck  on  the  retinal  circuUtion,  we  have 
made  many  experiments  with  the  aid  of  a  number  ol~  leading  ojihthal- 
mologists. 

Tlicfcs  experiments,  which  have  been  frequently  re|>eated  with  dif- 
ferent individuals,  with  different  strengths  of  current,  and  with  different 
batteries,  seem  to  us  to  demonstrate  the  following  propositions  :  * 

1.  Galvanising  or  faradizing  the  region  of  ihc  cervical  synijiathctic 
has  a  marked  temporary  ioQucncc  over  the  retinal  circulation.  It  may 
cause  contraction  of  the  arteries  or  dilatation  of  the  veins. 

2.  The  farodic  current  produces  precisely  the  same  effects  on  the 
retinal  circulation  as  the  galvanic,  only  more  slowly.  The  physiological 
difference  between  the  currents  in  this  respect  is  therefore  a  difference 
of  degree  and  not  of  kind. 

3.  Mild  currents  and  short  applications  caused  contraction  of  the 
blood-vessel  of  Ihe  retina,  while  strong  currents  and  long  applications 
caused  dilatation.  Much  seemed  to  depend  en  the  tentperament  and 
eoitdiUon  of  the  individual.  HOtat  loould  cause  centraetion  in  eat 
would  in  tht  other  eause  diUUati&n.\  These  varying  effects  correspond 
with  clinical  experience. 

4.  When  the  patient  on  whom  the  experiment  is  made  is  in  an 
excited  or  irritable  condition  from  any  cause,  or  from  previous  elcctri- 
xat ion,  even  a  mild  current  will  sometimes  cause  dilatation  at  once, 
without  any  eaiiy  contraction. 

*  Tbe  ophclulmolofpus  who  obvrved  the  retina  tn  these  experimenis  were  Drs. 
Room,  Hockley,  Loring,  MaUhcwson,  Prout,  and  Newton,  to  ail  of  whom  we  dodrv 
to  retoni  our  RcknuwIedgBMnli. 

\  Tbe  oppoiile  and  cotUmJictaiy  rcsulli  obtained  bj-  difliereni  cbaervera  wlio  hawa 
•ta£«d  the  eSecU  of  chloral,  bcomide  or  pot  a  Mam,  etc.,  un  the  tetinal  circulatloi^ 
aujr  be  aimllarl/  cxpJamed. 
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5.  The  contractioD  which  takes  place  is  sometimes  foUovred,  a  few 
iiiinutea  after  the  cJose  of  the  jAnr/r,  by  dilaUtioD  which  is  greater  Ihar 
norniaL 

6.  The  dilatation  which  takes  place  is  sometimes  followed  b^  con 
traction  after  the  close  of  the  sianee. 

In  some  of  the  experimeDts  do  effect  on  the  retina  could  be  detected. 
Impressible  aod  aervous  temperaments  se«m  to  exhibit  changes  in  tb^ 
vascular  condition  of  the  retina  much  more  readily  than  cold  and  phleg 
marie  teniperameQis. 

The  question  now  arises,  ^\TictIier  these  changes  in  the  retinal  circa 
lation  were  due  to  the  effect  of  the  current  on  the  sympathetic  or  on 
the  pncumogastric,  or  did  they  take  place  through  the  spinal  coid  or 
by  reflex  action  ? 

This  question  is  answered  by  comparing  the  results  of  these  experi- 
ments with  the  result  of  experimenis  made  by  Duchennc  and  Prof. 
Ldgeois,  of  Paris,  These  gentlemen  laid  bare  the  cervical  sympathetic 
in  a  rabbit,  and  electrized  it  with  both  currents  in  the  same  manner 
that  we  electrized  the  necks  of  the  iodividuaU  on  whom  we  experimented. 
The  results  on  the  drcnlation  in  the  rabbit's  car  were  in  every  tlislinc- 
tivc  feature  identical  with  the  result*  on  the  retina  when  the  galvanic 
current  was  passed  through  the  neck  of  the  liWng  human  subject. 

The  other  effects  of  galvaniiing  the  region  of  the  cervical  sympathetic 
— disi>osttion  to  sleep,  sweating,  increased  circulation  in  the  extremities, 
etc.— seem  to  confirm  these  pJiysiological  observations. 

These  experiments  have  been  partially  confirmed  by  Onimus,  who 
has  shown  that  the  circulation  of  llie  retina  may  be  influenced  by 
galvanization  of  the  cervical  sj-mpathctic.  He  observed  hyperemia, 
but  this,  as  we  have  shown,  is  not  a  constant  effect. 

Exfierim^nis  with  the  5iphy gme graph.— \^e.  have  made  experiments 
with  the  sphygmograph,  with  the  assistance  of  Dr.  L.  De  Forest  Woud- 
mff. 

For  assistance  in  the  study  of  spbygmography  we  are  under  obligation! 
10  Dr.  Roger  S.  Tracy.  A  few  samples  of  the  observations  are  repr^ 
KOted  in  the  cuts. 


v^ 


nnaatai  galnfilBina  of  the  tynpaJlMdc. 
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H<k  i.^-Aitcr  1^  nuiatn'  phoniiuloa  of  ttw  «r™P*'i'M)Mk 


Na.  «. — Fits  aiua  I  E>  after  the  dow  al  tiifitiKt  otgilnii[a:iaaoliim  tTaBptthafh 


N&  >— After  fire  uuniitu'  Ckradiutian  of  (jriniiatbclic 


No.  & — After  nine  Diinulci'  [iradiiiuiir  ■.■!  .  .t  !-■  iil.i:;!:. 


.jV-A-JVjv-J^-JVJVUVJVj\,jV^ 


H«.  7.— Aitcr  tinn(7  niaulu^  bndintiODaf  tfrnpaibede. 


Ko.  8. — Afm  fifwco  foiiiiitex'  gcnetal  in^ifiiJEih 


From  these  experiments  we  iJcrive  the  following  conclusions : 
1.  Both   currents — faradic  and  galvanic — when  applied  in  such  ■ 
way  as  to  traverse  the  region  of  the  neck  in  which  the  pneiimogastric 
and  cervical  ganglia  of  the  sympalhecic  are  situated,  markedly  affect 
the  pulse. 

a.  The  effect  ts  chiefly  shown  in  abruptness  of  the  systole,  and  in 
abruptness  of  the  diastole,  and  in  shortening  of  the  intcr\-al  between 
the  cardiac  impulse  and  the  .-merial  impulse.  In  general  it  may  be 
said  (hat  the  force  of  the  piiltie  is  increased.  Its  rapidity  may  be 
either  increased  or  diminished,  according  to  the  length  of  the  appli- 
catioD  and  the  strength  of  the  current,   ami  analogy  would  lead  u^ 
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to  believe  lliat  the  effect  must  widely  v;uy  witli  the  individual.  The 
axtcrudl  impulse  increased  probabSy  from  ihc  effect  on  llic  vaso-moior 
nerve*. 

3.  The  effect  of  general  faradization  was  10  prolong  the  systole  and 
llie  interrai  between  the  cardiac  and  the  oricnal  impulse.  The  abnipi- 
ness,  and  the  systule  lliat  is  so  marked  during  and  after  faradization 
thrci^h  the  neck^  was  not  observed  after  genera)  faradisation.  A  calm- 
ing, soporific  influence  is  very  frcnuenily  jjruduced  by  general  faradi- 
tatitfn,  and  the  effect  on  the  puUc  harmonizes  with  this  observation. 

4.  These  effects  on  the  pulse  gradually  pass  away,  but  arc  dislinclly 
traceable  for  a  nnnibcr  of  minutes  after  the  electrodes  arc  removed. 

The  effect  of  the  current  thus  applied  on  the  circulation  is  probably 
a  complex  resultant  of  the  effect  of  the  electricity  on  the  pneumogas* 
trie,  the  syna|>3thetic,  the  depressor,  and  the  spinal  cord.  To  differen. 
liate  these  effects  is  manifeslly  impossible. 

In  this  connection  are  to  be  noted  the  later  investigations  of  Dr. 
Fischer,*  of  Munich,  on  the  effects  of  electrization  of  the  sympathetic 
He  ex]>erimenlcd  on  horses  and  cats,  Irritating  the  nerve  dire<:liy,  with 
the  twofold  object  of  sludymg  the  blcxjdiension  in  tlie  cerebral  vessels 
and  the  changes  in  the  size  of  the  pupil.  The  general  results  of  these 
effort*  confirm  observations  previously  made,  and  especially  otir  staie- 
menl  as  to  the  impossibility  of  accurately  localizing  current*  in  any 
ganglia  by  simple  extenial  applications.  Direct  faradization  of  ihe 
syn)pathctic  increased  the  blood-prcssure  and  tension  of  the  aitery,  and 
Increased  the  frequency  of  Ihe  pulse.  The  same  phenomena  were  ob- 
served under  galvanisation,  but  in  a  less  degree.  Faradization  of  the 
e«posctl  sympathetic  cansed  very  marked  reactions  in  the  pupil,  while 
galvanization  of  the  nerve  produced  comparatively  little  effect.  When, 
however,  the  sympathetic  and  vagus  were  simultaneously  submitted  to 
the  influence  of  galvanism  the  reactions  of  the  pupils  were  very 
inaikcd.  Simultaneous  faradization,  however,  was  followed  by  no 
alterations. 

•  Stkmidt'i  yakrhtehtr.     N«.  4. 


CHAPTER  VI. 


AcnOH  or  Et-ECTRicrry  on  the  nerves  or  special  sebsb. 


Action  of  the  Galvanic  Curreni  on  the  OpHe  Nerve. — ^Thc  galvanic 
current,  when  applied  to  the  eye,  causes  both^iu^i  of  light  And  per- 
ception 6 f  color. 

If  one  electrode  is  placed  on  the  tODgue,  or  on  any  part  of  the 
mucous  surface  of  the  mouth  or  nose,  and  the  other  on  anjr  part  of 
the  surface  of  the  body,  the  flash  is  readily  perceived. 

The  character  of  these  fla-ihes  is  variously  modiBcd  by  the  strengtb 
of  the  current  and  the  suddenness  of  the  interraption.  The  tempera, 
ment  of  the  patient  also  modifies  the  reaction,  and  the  effect  of  the  two 
poles  is  usually  quite  diflerenL 

We  have  studied  this  subject  with  various  strengdis  ofcinTent,  and  on 
subjects  of  both  sexes  ditlcriug  widely  in  age  and  temperamenL 

In  one  subject— a  young  man  of  nervous  temperament — the  positive 
pole  placed  over  the  eye,  with  a  medium  current  from  ten  zinc-carbon 
cells,  caused  a  white  central  spot,  with  a  light  areola.  The  white 
central  spot  varied  in  shape  between  that  of  a  quarter  or  half  to  a  full 
niooo.  When  the  negative  pole  was  placed  over  the  eye,  the  central 
spot  appeared  of  a  bluisli  or  purplish  otdor,  and  the  areola  was  the  same 
as  under  the  positive  pole.  In  both  cases  the  areola  seemed  to  consist 
of  waves  of  light  radiating  from  the  centre  toward  the  periphery. 

In  making  these  experiments,  the  pole  that  is  placed  over  the  eye  is 
armed  with  a  soft  sponge,  and  is  pressed  firmly  on  the  closed  lid,  while 
the  other  is  applied  at  the  back  of  the  neck,  or  is  held  in  the  hand  of 
the  subject. 

In  another  subject,  a  young  physician  of  good  health,  and  nervo- 
sanguine  temperament,  the  positive  i>ole  from  a  current  of  six  cells  caused 
a  central  disk  of  a  pink  color,  and  from  diis  spot  violet  waves  radiated 
I  the  areola.  The  pink  disk  appeared  when  the  current  was 
:d,  the  violet  areola  flashed  out  when  the  current  was  broken.  The 
negative  pole  produced  reactions  every  way  simOai.  Tlus  subject 
could  not  bear  very  strong  currents. 
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Several  other  physicians  on  whom  wc  experimented  could  not  di* 
itinguish  any  central  disk,  but  all  could  readily  :iee  the  light  areola. 

The  conclusions  from  the  above,  and  numerutui  lumilar  experiment! 
made  in  diUerent  individuals,  are  a  follows  : 

t.  A  mild  as  well  as  a  strong  galvanic  current  applied  to  the  eye,  and 
interrupted,  causes  a.  dash  or  gtimiucr  of  light  to  appear. 

a.  A  medium  or  strong  galvanic  current  causes,  in  addition  to  Ihe 
LBash  of  liglit,  a  distinct  central  spot  nf  %*arying  shape,  and  both  the 
central  spot  and  the  areola  may  be  of  various  culorst  as  pink,  purple, 
yellowish,  and  nolet 

3.  With  some  individuals,  though  not  with  all,  the  colors  of  the  central 
Spot  and  of  the  areola,  and  their  relative  arrangement,  appear  dif* 
ferently  under  the  two  poles,  and  also  dilferently  at  the  closing  and 

IjOpening  of  the  circuit. 

4.  All  those  reactions,  like  all  other  eleclro-physiotogical  reactions, 
variously  modified  by  the  temperament  of  the  individual  operated  on 

'  and  by  the  strength  of  the  currenL 

The  above  conclusions^  as  nill  be  seen,  differ  somewhat  from  those 
of  Helmholtx  and  others  who  have  studied  this  subject.  The  diffel** 
cnlial  action  of  the  ascending  and  descending  currents  we  have  not 
been  able  to  demonstrate,  and  see  no  way  of  demonstrating.  We  be- 
lieve that  here,  as  in  so  many  other  clcctro-physioIogical  and  electro- 
therapeutical  procedures,  the  differential  polar  action  has  been  con* 
founded  nith  the  differential  action  of  the  ascending  and  descending 
currcnls. 

Ahhou{^  the  above  reactions  in  their  full  degree  can  be  most  cotl- 
venientiy  obtained  by  placing  one  electrode  over  ihc  closed  eye,  and 
the  other  in  the  hand  or  at  the  bacTc  of  the  neck,  yet  Ihc  general  re- 
action of  the  glimmering  flash  of  light  can  be  obtained  by  placing  one 
electrode  in  the  vicinity  of  the  eye,  or  on  any  part  of  the  face  or  beard, 
or,  in  the  mouth.  In  susceptible  persons  the  ^sh  comes  from  inters 
lujited  galvauizatioQ  of  the  neck  or  spine. 

Faradic  Current. — The  current  from  the  primary  or  secondary  coil 
of  the  ordinary  faradic  machines  has  little  or  no  perceptible  effect  on 
the  retina,  as  we  have  demonstrated  by  various  expenmenls.  We 
have  found,  however,  by  repeated  observations  that  the  current  from 
the  long  ccmIs  of  tlie  electro-magnetic  machine  niaaufactured  by  Kiddei 
has  a  most  decided  action  on  the  retina.  The  peculiar  constniclion  of 
the  coil  of  this  machine  will  be  described  in  the  chapter  devoted  to 
ap]»arams  for  electro-therapeutics.  It  is  sufficient  here  to  say  that  it  is 
composed  of  three  or  four  or  more  coils  of  insulated  coppei-wire,  the 
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inward  coil  lieing  short  and  thick,  and  ibe  others  gradually  increasing 
in  the  length  of  the  wires.  These  coils  are  not  separate  and  distinct,  as 
in  ordinary  n»acliinc«,  but  connected,  and  arc,  so  to  speak,  tapped  at  the 
points  of  union,  so  as  to  obtain  a  number  of  currents  ^•ar^^ng  in 
quanfit)',  tension,  and  physiolcgiral  power.  It  i.s  from  the  fourth  and 
fifth  coilB,  which  are  not  furnished  to  the  majority  of  hia  smaller  machines, 
that  we  obtain  the  reaction  of  the  retina  that  we  are  now  to  describe. 
The  reaction  is  best  obtained  by  placing  a  medium-sixcd  sponge 
dectrode,  well  moistened,  over  the  closed  eye,  or  very  near  to  the  eye, 
while  the  other  electrode  i*  held  in  the  hand  or  applied  to  some 
indifferent  point,  as  the  back  of  the  neck,  or  arms,  or  feet.  With  a 
current  of  moderate  strength  thus  applied,  a  circle  filled  with  wavy, 
undulating  light,  or  whitisJi  spots  or  figures,  appears.  It  is  ditficuU  to 
convey  in  language  a  precise  description  of  this  appearaiicc.  If  snow* 
flakes  could  be  elongated  !U>mewhat,  and  ULidc  to  coil  about  in  various 
directions,  they  would  give  a  good  idea  of  this  reaction.  If  we  look 
through  a  window  at  a  thick,  driving  snow-siorm,  with  large  flakes,  wc 
can  get  a  not  very  incorrect  notion  of  ihc  reacticn,  as  we  have  over 
and  over  again  deinonscrated  on  ourselves  and  others.  'So' far  as  we 
have  been  able  to  see,  bright  or  variegated  colors  do  not  appear,  except 
from  the  current  of  the  fifth  coiL  The  negative  pole  gives  a  strongei 
reaction  than  the  positive;  bul  not  apjircciably  different  in  character. 
This  reaction  of  the  fourth  coil  of  this  machine  is  utterly  unlike  that 
which  is  obtained  from  cither  pole  of  the  galvanic  current.  This  effect 
has  long  been  shown  by  the  inventor  of  this  machine,  and  has  been 
illustrated  hy  htm.  We  were  induced  to  question  his  assertions  until 
we  had  first  made  experiments  of  our  own  with  the  different  coiU  of 
the  machine. 

TTit  Effect  of  Electrical  Irritation  compared  with  Afechanical  Irrita- 
tion of  the  Eye. — It  15  interesting  to  compare  the  reaction  produced 
by  the  galvanic  and  faradic  currents  on  the  retina  tu  the  ctTects  of 
mechanical  irritation.  We  have  found  by  experiment  on  ourselves 
that  rubbing  the  eyes  when  closed,  or  partially  closed,  causes  various 
and  oftentimes  beautiful  appearances,  "^^t-rf  frequently  a  central  spot 
will  appear,  varying  in  shape  and  color,  and  changing  in  shape  and 
cnhir  during  the  irritation.  All  conceivable  shapes,  and  every  grade 
of  color,  we  have  seen  in  this  way  over  and  over  repeated  ;  sometimes 
a  mere  circle  of  light  shading  uitf  into  darkness,  and  again  a  definite  and 
wcl].formcd  object,  brillUnt  in  color,  standing  forth  clear  and  beautiful 
against  the  dark  background.  Forma  resembling  a  bouquet  of  flowers, 
or  a  duster  of  stars,  or  various  shapes  of  crystals,  app«ar  with  such 
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■iiiJiKH.  thftl  we  lave  to  prolong  ihe  erperiment.  Simp  e  pressure  on 
the  aide  of  the  t^'eball  will  cause  reactions  somewhat  similar  in  kind 
(iboMgh  leu  in  degree)  to  those  produced  by  the  faradic  current. 

ThcM  tMCtions,  however,  arc  not  constant ;  ihcy  vary  greatly  with 
the  individual,  JUid  with  the  same  individual  at  different  times.  In 
order  to  obtain  the  mrwl  hcanliful  a]>p«-arances,  it  is  necessary  to  first 
look  far  a  nionient  on  bri];ht  light,  or  to  have  the  eyes  0|)en  in  the  full 
Bffligftf,  It  would  seem  that  the  retina  must  first  become  sensitive, 
bjrecpasttre  to  strong  light,  before  tlie  reactions  can  apiicar  in  their  full 
CSCtOlL 

Afti^t  ff  Eiretricity  fin  thf  Auditory  Nerve  ;  Action  of  the  Faradic 
Ckrremt. — The  farorlic  current,  when  applied  to  (he  ear,  or  in  the 
rktmty  of  thf  ear,  causes  a  ringing,  or  humming,  or  rumbling  sound, 
accofdiog  to  the  method  of  application  and  the  strength  of  the  current. 
Tbeae  wnods  are  due,  in  part,  to  the  susurri  of  the  muscles. 

Aetifim  tf  the  Gaivamc  Current. — To  the  galvanic  current  the  audi- 
tory rraclt  by  certain  fixed  laws. 

This  normal  formula  is  as  follows  : 

Ka  S  Kt,  distinct  accented  sound. 

Ka  D  Kl  >,  satiod  disappearing  by  degrees. 

Ca  O  — ,  no  srnsatioD  of  sound. 

Aa  S  -. 

An  D  -. 

An  O  Kl,  weak  and  short  sound,  similar  in  character  to  Ka  S. 

In  tfc^  above  rormula,  Ka  =  Kathode  (negative  pole).  An  =  Anode 
(poaMtre  pole).  S  =  closing  (schliesung),  O  =  opening  (oeffnung),  D 
=  dwarioB  cf  carretit, 

Pf  ■=■  whiaiHug  toiMid. 

Kl  =nDj^       * 

The  wnsaboiu  with  Ka  S  appear  sooner  and  stronf^er  than  with 

AaO. 

This  fomrala,  it  will  be  obser^-ed,  hannonizes  with  the  law  of  elec- 

(■ee p.  inland  Pd^vi's  contraction  law — that  "a  nerve  it 

*  fy  tM  9fpwraMct  of  ccUeltttroiamn  and  the  diiappearame  ej 

tt ;  iMf,  kawtver,  hy  the  disappearance  of  eafeleclrolonos  and 

Ar mffMmMmce of  aneiectrai^nos.     (See  p.  it6). 

Akhoagfa  iJm  character  of  souods  varies  with  the  strength  and  contin- 
MMX  of  the  current  and  w^tb  the  individual,  yet  in  the  healthy  ear  the 
ftiar  tgtttM  Dcvcr  vary. 
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77t€re  is  never  any  xensatifim  of  $aitnd  vtith  the  fhnng  of  the  anodi 
(An  S),  except  to  pathological  conditions. 

The  fiolar  effect  is  therefore  the  leading  effect,  and  Ac  direction  of 
the  current  through  the  auditory  ncr\'e  appears  to  have  no  demonstra- 
ble influence. 

The  use  of  the  rfaeosut  and  the  changes  in  the  reactions  that  are 
made  by  interposing  tlie  various  grades  of  lesistaDces  in  the  circuit  are 
represented  in  the  fo!Io»-ing  experiments  of  Brenner  :  • 

The  expenroent  was  performed  on  a  healthy  ear  that  bad  been  cured 
a  short  time  before  of  a  catarrh  of  the  middle  ear.  The  number  of 
elements  is  in  Roman,  the  number  of  resistances  in  Arabic. 


XX  lo-So  gave  no  reaction. 
XX  90-130  KaS — Buzzingofflies 
very  short. 

KaD 

KaO 

An  S  

An  D 

AnO 

XX  130-170  Ka  S — Stronger  buzz- 
ing. 
KaD— Same. 

KaO 

AnS   

An  D 

AnO  

XX  iSo->5o  Ka  S — Distant  rum- 
bling of  wag- 
ons. 
Ka  D — Same. 

KaO  

An  3  

An  D  — 
AnO — Buzzing  of 
flies. 

Erb  f  gives  the  following  resolt  of 


XX  360-400  Ka  S— fumbling 
cannon. 
KaD— Same  > 
KaO 

AnS  

An  D  — - 


of 


o( 


An  O — Rumbling 
wagons. 
XX  410-550  Ka  S—Strikingof  me- 
tallic plate. 
KaD— Same  > 

KaO  ■ 

AnS   

An  D * 

An  O — Rumbling. 
XX  560-    Ka  S — ShariJ  ring  like 
a  silver  table 
bell. 
KaD— Same  > 

KaO 

AnS   

'AnD 

An  O — Weaker    and 
shOTter  ring 
ing. 
experiments  on  himself: 


•  Op,  dc.  Band  I,  p.  105. 

f  Arthiv  Opkthalmdesy  *ind  Ototag. 
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10  El  Ka  S  KI  — 

KaD  Kl  > 

KaO 

AnS  ■ 

AnD 
Ad  OKI 


8  anO  6  £1  Ka  S  Kl 
KaD  — 
KaO  — 
AnS  — 
.  An  D  — 
AnO  — 


On  another  patient,*  50  jrears  of  af^e,  he  obtained  the  following  »• 
action  with  accompanying  ^rmptoms  of  pain  and  facial  contortions : 

8  EI  Ka  S — Cteai  whistling,  slinging  pain  and  facial  contortions. 

Ka  D — Gradually  disiappcarei 

Ka  O — No  sensation. 

An  S — Violent  pain. 

Ad  D — Pain  remains. 

AnO — Shun  and  weak  whistling;  slight  facial  convulsions  whb 
10  El  ;  the  same  formula  gave  still  louder  sensations 
of  sound,  but  the  accompanying  pain  was  very  severe. 

Bkobcf  f  gives  the  following  reaction  in  a  healthy  man  : 

Same  pajieni  trcaled  by  >  itronier  ciimm. 

Ka  S— Sharp  ringing. 
Ka  D—     "  " 

KaO 

AS      

AD     [ing, 


Ka  S — Rumbling  of  cannon. 
Ka  D—         "  " 

KaO 

AS      

AD     ■ 

AO — Rumbling  of  wagons. 


AO — Weaker  and  shorter  ring- 


The  variations  of  the  tone  with  the  difference  of  the  current  are  rep- 
resented in  the  following  experiment  of  Brenner :  I 

Wiib  ibi  Cub«d«  doring.  Wliti  Anod«  opaoing.    (AaOJ 

XXioKaSK.  XX30AOK. 

ao  Ka  S  K.  40  A  O  K. 

30  Ka  S  K.  50  A  O  K. 

40  Ka  S  K'.  60  A  O  K. 

50  Ka  S  K'.  70  A  O  K. 

60  Ka  S  K'.  80  A  O  K'. 

70  Ka  S  K".  90  A  O  K'. 

80  Ka  S  K".  100  A  K'. 

K  Jieadions  produted  directly  and  nat  by  Re^ex  Aeticn. — Vft 


*  Lm.  ciL,  p.  350. 


f  Op.  ciL,  Band  L,  p.  ro6. 


X  Loc  dt.,  f.  no 
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Clioroughly  agree  with  Brenner  and  Erb  Chat  these  readioiu  of  the  audi* 
tory  nerve  are  obtaiiicfi  by  the  iHretl  action  of"  the  current  on  the  nerve, 
and  not  by  reflex  action  througti  the  trigeminus.  This  \-iew  is  proved 
by  the  general  fact  of  the  condiictibility  of  the  tissues  of  the  brain  (see 
chapter  on  that  subject),  by  the  fact  that  even  when  the  trigeminus  is 
j-aralyiicd  the  reaction  may  yet  occur,*  and  by  the  fact  that  when  the 
electrode  is  jilaced  in  a  condition  favorable  for  the  entrance  of  the 
current  into  the  ear,  the  reaction  is  more  decided  than  when  the  elec- 
trode is  ]ilaccd  in  a  condition  favorable  for  the  excitement  of  the  trige- 
minus,  but  unfavorable  for  the  direct  entrance  of  the  ciuretit,  as  has 
been  conchisivcly  shown  by  Krbf  and  by  ourselves-J  We  have  removed 
die  jtole  from  ijie  tragus  iif  the  malar  bont  and  the  cheek,  both  of  whieh 
P&inis  are  highly  f avertible  for  the  excitatimt  of  the  trigemiaus,  and 
hate  fount/  t/uxt  ti/ith  removal  the  reaction  diminiihiii  or  disappeared. 

In  order  to  obtain  that  normal  formula,  the  follon'iDg  conditions  arc 
necessary : — 

I.  Convenient  gak-anic  apparatus. 

A  very  powerful  galvanic  batteiy  is  not  needed  The  range  of  ele- 
ments to  which  the  auditory  nerve  sensibly  reacts  is  between  a  to  30.  In 
some  cases  quite  strong  currents  are  necessary.  The  galvanic  batteries 
and  electrodes  described  in  this  work  are  adapted  for  these  investiga- 
tions. There  should  be  a  current  revcrser;  and  a  rheostat,  though  not 
exactly  indispensable,  is  yet  very  convenient. 

3.  A  right  method  of  application,  tttid practice  in  using  it. 

On  llie  whole,  the  best  method  of  application  to  produce  these  reac- 
tions is  the  external  arrangciuent,  in  which  one  pole  is  firmly  pressed 
on  the  tragus  (the  car  external  auditory  canal  having  been  previously 
filled  with  warm  salt  water),  while  the  other  is  held  in  or  fastened  on 
the  hand  on  the  opposite  siile.  Any  convenient  electrodes  may  be 
used  for  these  purposes.  So  long  as  the  pole  whose  specific  effect  we 
desire  to  produce  is  on  the  right  place  in  the  ear  or  on  the  tragus,  the 
position  of  the  other  electrode  is  not  absolutely  essential,  provided  it 
is  somewhere  on  the  opposite  side^  so  as  to  allow  the  current  to  pass 
through  the  auditory  nerve.  It  is  difficult  or  impossible  to  get  the 
reaction  while  the  pole  is  on  the  mastoid  ])rocess  of  the  same  side.     It 


*  Vide  Moos'  cue,  above  quotad  In  Archlv  Ophth.  tmd  Otol.,  vol.  L>  Vo.  3,  p^ 

I  ArchtvOphiK  und  OloL.  vol.  L,  No.  i.,  p.  z6i  et  leq. 

X  For  a.  detailed  ducussion  of  this  subject,  see  Brenocr'a  work,  Bond  L,  I  Abth  « 
p.  94,  «t  Mq. 
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bas  been  showu  ih.it  when  both  poles  arc  (ilacud  in  the  auditory  canal, 
by  means  of  a  double  electrode,  the  auditory  nerve  teacts  to  the  nearer 
pole. 

A  number  of  intdtigettt  and  praetised  palienis  with  both  healthy  and 
diseased  ears. 

The  advantages  of  intelligence  on  the  part  of  a  patient  are  obviouis ; 
iust  as  in  investigating  electro-niuscutar  senubility,  it  is  necessary  tu 
depend  entirely  on  the  statements  of  the  patient  for  our  information. 
Even  the  strong-minded  and  intetligent  are  soiiietinies  so  dt^tre^sed  by 
the  pain  produced  by  the  applications,  or  so  distracted  by  the  sensa- 
tions of  dininets,  and  the  contraetions  of  (he /aeinl  musehs,  that  they 
are  anable  to  rightly  interpret  their  subjective  sensations  in  the  ear. 
It  is  necessary  that  the  experiments  should  be  made  on  a  ntunber  of 
patients,  in  order  to  obtaiu  the  variety  of  reactions  above  described 

-It  is  best  also  to  make  the  first  experiment  on  patients  who  have 
diseased  cars,  for  it  is  as  true  of  the  auditory  as  of  the  na&al  passages 
that  ihcy  sometimes  become  less  sensitive  when  diseased.  This  is  to 
be  explained  panly  by  the  manipulations  and  treatment  to  which  such 
patients  become  accustomed,  and  partly  by  tlie  fact  that  the  morbid 
process  itself  produces  callousness  of  the  parts. 

The  operator  should  proceed  cahuly  and  with  self-command.  After 
tlie  patient  is  in  position,  with  his  head  inclined  on  the;  back  oi  the 
chair  or  lounge,  and  one  of  the  electrodes  fastened  to  or  held  in  the 
hand  opposite  the  car  to  be  experimented  on,  a  little  warm  salt  water 
should  be  dropped  in  (which  can  be  very  conveniently  done  by  squeez- 
ing the  small  quantity  necesi.ary  to  fill  the  external  auditory  canal  from 
a  small  sponge  or  from  a  teaspoon  or  funnel-sha]>ed  glass*)  and  the 
other  electrode  firmly  pressed  on  the'  tragus.  It  is  well  to  begin  with 
a  small  number  of  elements,  and  gradually  increase  untU  a  reaction  is 
obttined.  The  reaction  will  usually  appear  when  the  current  is  strong 
enough  to  produce  contractions  of  the  facial  tnuscleti.  The  imtient 
should  all  the  time  be  continually  and  repeatedly  questioned  in  regard 
to  the  «eo»a(ioiis  experienced,  especially  if  he  is  unaccustomed  to  the 
treaimentt  for  at  first  he  may  be  so  distracted  hy  the  Jiashes  of  light 
before  the  eyes,  the  eantraetiant  ef  the  facial  mtueUs,  the  nuusea,  the 
metaiiie  taste,  and  the  noise  of  (he  water  in  the  ear,  ami  especially  by 
the  fain,  that  he  may  be  unable  at  first  to  distinguish  the  true  character 
of  the  reaction. 


*  It  is  wdl  to  place  a  towd  tbovt  the  neck,  Jiin  as  when  cyringiag  the  ev,  io 
ulo  avoid  wetting  llwooUu  or  other  clotliini;  of  the  patient. 


If  the  battery  is  {irovided  wiUi  a.  t»mmidaior.  Fur  increasing  and 
diminishiDg  the  Dumber  of  cIcmcDis  brouglit  uito  requiMUoD,  a  current 
reaerstr  for  clianging  the  direction  of  the  current  without  removing  Ihe 
poles,  and  a  rhtostat  for  intrcducing  rtiislames  into  the  circuit,  the 
labor  of  ih^e  operator  will  be  materially  lightened ;  but  such  applianen 
are  not  indispensabU. 

The  operator  should  remember  that  ttie  reactions  arc  inodi&ed  by  the 
experiment  itself,  (a.)  Ka.S  is  most  effecuial  after  An.S.  Therefore 
the  use  of  voltaic  aUcrnahves  is  of  service. 

(i.)  The  excitability  of  the  nerve  is  increased  by  long  closure  of  cath- 
ode (Ka.S.). 

(^.)  The  excitement  of  An.O.  increases  with  the  strength  of  the  cur- 
rent and  the  length  of  closure. 

It  should  be  remembered  also  that  Ka.S.  is  stronger  and  quicker 
than  An.O. 

Judging  from  our  own  researches  in  this  dejjartmenl  these  three  lead- 
ing Btatcinents  of  JJrcnner — that  the  auditor)' nerve  reacts  to  the  ntarest 
electrode  in  a  regular  manner,  that  in  health  pounds  of  sonic  kind  are 
produced  at  the  closing  and  in  the  duration  of  the  cathode,  and  that  io 
pathological  cases  a  part  of  the  normal  foriDiila  i»  more  or  less  changed 
— are  capable  of  sufficient  and  easy  demonstration  to  those  who  are 
thoroughly  familiar  with  eleclro-thcrapeutical  cxpcrinicnution. 

On  the  other  hand,  some  of  the  special  feature*  of  Brenner's  system 
>  offer  difficulties  in  the  way  of  their  successful  and  uniform  demonstra- 
tion thai  can  only  be  overcome  by  careful  practice  in  this  special  de- 
partment. To  catch  the  sounds  which  in  health  arc  heard  at  the  open- 
ing of  tht;  anode  ;  to  distinguish  between  the  noise  caused  by  the  agita- 
tion of  the  water  in  the  car,  and  the  subjective  bounds  that  are  so  fre- 
quently the  symptoms  of  disease  of  the  auditory  apparatus  and  the  genu- 
ine reaction  of  the  auditory  nerve ;  to  obtain  the  complete  normal 
fbmmla  in  health,  and  to  satisfactorily  discriminate  between  the  various 
abnormal  reactions  of  disease — the  6rsl  attempt  to  fiilly  corroborate  all 
the  assertions  in  these  particulars  will  usually  result  in  complete  or  par- 
tial failure,  especially  to  Chose  who  are  unfamiliar  with  the  use  of  gal- 
jvanic  apparatus. 

Degreei  of  Irritability. — Brenner  distinguishes  three   different  dc« 

grces  of  irritability  of  the  auditory  nerve,  according  to  (he  number  of 

f  elements  that  it  takes  to  excite  the  reaction.   The  degrees  of  irritability 

may  be  changed  during  the  sitting  by  the  effect  of  the  current  on  the 

ncive.  and  especially  by  the  voltaic  alternatives. 

Thus,  if  at  the  beginning  of  the  sitting  the  nerve  reacted  to  i6  ele 
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menis,  but  to  no  number  less  than  that,  these  t6  elements  would  repre- 
sent the  primary  irritabtUty  of  that  nerve. 

If  by  i-arious  aUcraations  of  the  current  the  nerve  is  brought  into  a 
condition  that  it  reacts  to  ti  dements,  the!>c  12  clctnetits  represent  the 
secondary  irritability  of  that  nerve. 

If,  by  stiU  farther  excitation,  the  nerve  is  made  to  react  to  10  ele- 
ments, these  10  elements  represent  the  tertiary  fx^itability  of  that  nerve. 

In  opposition  to  the  above  conchisions  Dr.  Wrcdcn,  of  St.  Pctcrs- 
borg,  has  moile  a  numlicr  of  experiments  which  seem  to  htm  to  establish 
that  the  sounds  heard  during  galvanization  of  the  ear  are  due  not  to 
the  reaction  of  the  auditory  nerve,  but  to  the  contraction  ef  the  smaU 
muicies  of  the  midtUe  ear.  In  his  experiments  he  electrixed  the  Eusta- 
chian tube,  through  the  catheter,  and  also  the  middle  ear,  by  means  of 
small,  delicate,  and  finely  graduated  sounds  insulated  to  their  points. 
He  believes  that  by  this  method  he  causes  contraction  of  the  temar 
tympani  and  of  the  stapedius,  through  irritation  of  the  fifth  and  seventh 
nerves.* 

AVredcn  asserts  that  during  electrization  by  these  methods  the  mem- 
brana  tympani  is  retracted,  and  believes  that  this  retraction  is  caused 
by  the  contraction  of  the  muscles.  This,  however,  has  been  denied  by 
Poorten.  To  settle  this  question,  L5wenbcrg  devised  a  manometer, 
which  consists  in  a  bit  of  cork  or  rubber  fined  into  the  external  meatus 
hennetically.  and  receiving  hennclically  a  capillary  glass  lube  which 
contains  a  drop  of  colored  lii^uid.  The  external  meatus  is  filled  with 
water,  whtcli  is  connected  witJi  one  of  the  poles  of  a  faradic  machine, 
while  the  other  is  applied  to  the  skin  by  a  sponge  or  through  the  £usta> 
chian  tube.  When  the  membrana  tympani  is  retracted  by  the  action 
of  ilic  current,  the  drop  of  colored  water  indicates  this  retraction  by 
falling,  when  it  is  pushed  outward,  by  rising. 

Admitting  to  the  fiill  all  that  has  been  claimed  by  Wrcdcn  and  Low- 
enberg,  we  do  not  see  that  it  proves  lliat  the  supposed  complex  reac- 
tions of  the  auditory  nerve  to  electricity  are  nothing  more  thin  muscu- 
lar contracdont.  Admitting  that  in  some  cases  where  the  membrana 
tympani  is  gone,  the  reactions  are  not  obtained,  still  the  following  con- 
siderations are,  to  our  mind,  convincing  : 

1.  The  reactions  of  the  gatv.inic  current,  when  applied  to  the  car,  arc 
frequently  similar  to  some  of  the  sounds  of  tinnitus  aurium.  They  are 
sometimes  so  much  alike  that  they  cannot  be  distinguished. 


*  A  r^sani^  of  thli  lubject  It  presented  in  Dr.   Roou's  vrcrk  on  Ditttuet  eftfu 
£ar,  pr.  493-49S- 
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2  Tlie  differential  [lolar  effects  of  the  galvanic  t  irrent  on  the  ear 
wnich  are  very  easy  of  deiiioiislration,  cannot  be  explaiaed  by  any 
theory  of  muscular  coiittactton. 

3-  Some  of  the  rcacliona  arc  produced  by  the  steady  action  of  the 
galvELtiic  current,  without  any  intcrni|nion,  and  with  a  strength  not  suih- 
cicnt  to  produce  imiscular  contraction ;  while  it  is  trie  that  certain 
reactions  in  some  casea  require  strong  and  interrupted  currents,  it  is  not 
true  of  all  of  them. 

4.  A  reaction  of  the  auditory  nerve  similar  to  some  forms  of  tinnitus 
can  be  obtained  in  some  sen&iiive  ca&es,  not  only  by  galvanization  of 
the  ear,  but  of  the  other  i)arts  of  the  head,  and  even  the  trunk. 

We  have  had  a  patient  who  coinplained  every  time  we  galvanized 
the  spine  that  buzzing,  hissing  sounds  were  excited  in  his  car.  Simi- 
lar sounds  are  produced  by  galvanization  of  the  ear.  The  effect  in 
this  case  was  probably  retlex. 

All  these  considerations  convince  us  that  the  variety  of  sounds  pio- 
duccd  by  galvanization  of  the  ear  15  due  to  the  excitation  of  the  au- 
ditory nerve,  .md  that  this  excitation  may  be  both  direct  and  rellex. 
We  are  fully  aware,  however,  that  for  the  present  this  fact  has  a  greater 
ititerest  for  the  clectro-]thysiologist  than  for  the  electro- therapeutist. 

Olfaclory  Nerve. — We  have  observed  in  freijucni  experimenting  on 
ourselves  that  the  negative  pole  of  a  strong  galvanic  current  applied  to 
the  Schneiderianraenibratie  caused,  in  certain  sensitive; localities,  ano<ior 
much  resembling  sulphuretted  hydrogen.  The  odor  observed  in  the  neigh- 
borhood of  docks  will  iierhai>s  suggest  the  peculiar  character  of  this  re- 
action more  than  any  formal  description,  'lliis  reaction  is  obtained  only 
when  a  powerful  current  is  used.  It  is  obtained  at  the  0|>cning  of  the 
circuit,  while  the  cirruit  is  closed  and  for  some  liltic  time  after  the  circuit 
is  opened.  VVe  have  found  that  this  peculiar  reaction  varies  much  witll 
the  individual,  and  with  the  same  individual  at  difiVrent  times.  A  sen- 
sitive, ur  even  an  ulcerated  condilion  of  (he  mucous  membrane  would 
seem  to  form  it.  Although  wc  are  frequently  treating  cases  of  rhinitis 
(nasal  catarrh)  by  internal  galvanization  with  metallic  electrodes,  yet  our 
patients  ne\'cr  speak  of  this  pecidiar  odor.  The  mucous  membrane 
of  the  nasal  pasl^ages  is  very  sensitive,  and  in  ordinary  therapeutical 
applications  only  gentle  currents  will  be  borne,  whereas  this  reaction  of 
the  olfactory  nervets  dettands  powerful  and  painful  currents. 

The  differential  "reaction  of  the  positive  and  the  negative  pole  of  the 
ascending  and  descending  currents  that  were  long  ago  claimed  by  Rit- 
tcr,  wc  have  not  been  able  to  confinii.  The  phenomenon  of  sneezing,  or 
a  disposition  to  sneeze,  of  which  Ritter  spoke,  is  due,  not  to  any  reac 
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Hon  of  the  olfactory  nerve,  but  to  the  medianical  irritation  of  the  sen 
iory  nerves  by  the  electrode.  Sneezing,  as  all  aurists  know,  is  called 
forth  by  a  single  introduction  of  the  Eustachian  catheter,  and  we  observe 
it  continually  in  introducing  the  nasal  electrode.  It  is  observed  most, 
however,  just  as  the  electrode  i«  being  inserted  ;  and  when  the  current  it 
running,  the  symptom  docs  not  usually  annoy  us.  The  action  of  a  gentle 
ciirrent  on  the  sensor>'  nen*es  of  the  nasal  passages  seems  rather  to  have 
a  sedative  effect,  and  in  a  measure  counteracts  the  tendency  to  sneete 
that  is  excited  by  the  mechanical  irritation  of  the  electrode. 

SchOnbein  suggests  that  the  peculiar  smell  experienced  from  the  pas- 
tage  of  the  electric  current  through  the  olfactory  nerve  b  caused  by 
nzone  that  is  generated. 

This  peculiar  odor,  observed  in  powerful  galvanization  of  the  nasal 
passage,  is  unquestionably  due  to  the  reaction  of  the  nerve  to  the  clec* 
trtcal  stimulus,  and  cnrresiionds  to  the  effects  produced  by  the  same 
agent  on  the  nen'cs  of  seeing,  hearing,  and  tasting. 

Franklinic  electricity,  electro-magnetism,  niagneto-etectricstjri  tre 
unable,  in  any  strength  that  can  be  cttdurcd  by  a  person  io  health,  tO 
excite  the  peculiar  reaction  of  the  olfactory  nerve. 

Action  »/  EUctricityon  the  Gustatory  Nerve — Action  of  the  Gairauie 
Current. — In  1754,  long  before  the  discovery  of  galvanism,  it  was 
noticed  by  M.  Sulzer  that  lead  and  silver,  when  ctmnected  and  then 
brought  in  contact  with  the  tongue,  gave  rise  to  a  peculiar  taste  similar 
to  that  produced  by  vitriol  of  iron.  If  we  a])ply  a  piece  of  zinc  to  the 
upper,  and  one  of  silver  to  the  lower  part  of  the  tongue,  a  powerful  acid 
taste  will  be  experienced  under  the  zinc  plate,  and  a  slight  alkaline 
taste  under  the  silver  plate.  These  sensations  are  perceived  as  long 
a£  the  circuit  is  closed  ;  but  if  the  plate  or  the  tongue  be  warmer  or 
colder  than  natiu^,  or  very  much  benumbed  by  acids  or  other  irritating 
substances,  very  little,  if  any,  sensation  is  produced.  If  the  tensloa  ol 
the  current  be  much  increased,  by  using  several  pairs,  the  tongue  be- 
comes convulsed  and  a  tlash  of  light  is  perceived.  When  neither  of  the 
electrodes  touches  the  tongue,  a  metallic  instead  of  an  acid  or  alkaline 
taste  is  produced. 

The  peculiar  reaction  of  the  gustatory  nerve  to  the  current  is  gen- 
erally described  by  tliose  on  whom  wc  have  cxpcrimL-ntcd  as  "  cop- 
pery," or  "sour,"  or  "metallic,"  or  "bitter."  Sour  or  coppery  are,  we 
believe,  the  designations  most  frequently  employed  by  those  persons 
who  experience  the  sensation  for  the  first  time,  and  who  have  no 
theories  in  the  matter  to  prove  or  disprove,  and  who  therefore  are 
likely  to  give  their  real  impressions.     I£  we  ask  tlieni  whetlier  they  have 
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a  taste  in  ihc  mouth  while  the  current  is  passing,  thej-  usually  reply  thai 
the  taste  is  sour  or  "  coppery,"  and  soinctimes  they  may  call  it  "  bitter." 
If  we  aalt  them  whether  the  taste  is  **  metallic,"  they  usually  reply  in  the 
affinnative.  Our  observations  on  this  subject  have  been  very  numer- 
ous, and  they  have  been  made  with  boih  currents.  It  ia  not  necessary 
to  scud  the  galvanic  current  through  the  tongue  or  through  the  chorda 
Qrmpani  nerve,  or  through  the  face  even  ;  for  galvanization  of  the  neck 
in  the  anterior  and  posterior  regions,  and  of  the  head  in  almost  any 
direction,  and  of  the  spine — the  lower  as  well  as  the  upper  region— will 
be  fell  in  the  gustatory  nerve. 

This  metallic  lastc  is  felt  almost  as  soon  as  the  galvanic  current  is 
closed,  grows  strougei  while  the  current  runs  up  to  a  certain  point,  and  is 
sometimes  felt  for  several  minutes  after  the  electrodes  are  removed. 
In  some  tempera  in  cuts  On  which  wc  have  experimented,  the  metallic 
taste  remains  on  the  tongue  for  several  hours,  and  even  all  day,  and 
longer. 

In  susceptible  teitiper&ments  the  faradic  current  produces  in  a  less 
degree  this  metallic  taste,  and  that,  too,  not  only  when  applied  to  the 
tODgue,  but  also  the  head,  neck,  and  spine.  In.  the  operations  of  cen- 
tral galvanizalion  this  rciction  of  tiic  gustatory  nerve  becomes  of  con- 
siderable value  in  showing  us  that  the  current  is  passing  as  wc  wish  it, 
and  that  tlic  patient  is  receiving  all  that  is  well  for  him.  The  gustatory 
reaction  thus  answers  the  purpose  of  a  galvanometer,  showing  that  the 
current  is  passing,  and  to  a  certain  degree  regulating  the  dose. 

There  is  little  doubt  that  this  metallic  taste,  caused  by  electrization, 
IS  due  to  a  peculiar  excitation  of  the  properties  of  the  gu&tatoty  nerves 
by  the  stimulus  of  the  current 

The  theory  that  it  might  be  of  an  electrolytic  character,  and  therefore 
explained  by  the  products  of  decomposition  at  the  poles — acid  at  the 
positive,  and  alkalies  at  the  negative — RosenLial,  by  a  variety  of  ex- 
peiimeots,  has  showti  to  be  imtenable. 
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TrrUahiiity  of  nerves  and  muscles  is  thai  property  by  virtue  of  which 
they  eantfuet  the  natural  stimulus  of  the  kody,  or  external  impressions, 
fir  respond  to  artificial  stimulation. 

Nerves  and  muscles  are  called  irritable  so  long  as.  they  retain  this 
property,  iiritability  of  the  nerves  is  a  proi>crty  inherent  in  them. 
No  other  tissue  except  nerve  tiMiie  possesses  this  projsertjr. 

During  life  nerve*  and  muscles  manifest  their  irritability  by  fulfilling 
«U  the  natural  functions  that  belong  to  them ;  it  is  this  property  that 
enables  them  to  conduct  that  mysterious  vital  agent,  which,  in  lieu  of 
definite  knowletlgc,  we  are  obliged  to  call  nerve  farce.  This  nerve 
force,  which  is  peculiar  lo  living  beings,  may  possibly  be  correlative  to 
the  other  forces  of  nature  —  light,  heat,  electricity,  magnetism,  and 
gravilation — but  the  tlicory  that  it  is  identical  with  electricity  is,  as  will  be 
aecn,  untenable. 

Irritability,  how  lonj^  Retained  after  Death. — The  irritability  of  nerves 
and  muscles  begins  to  diminish  after  death,  and  sooner  or  later  disap- 
l>ear&  It  disappears  much  sooner  in  warm-blooded  than  ia  cold- 
blooded animals. 

In  warm-blooded  animals,  as  the  rabbit  and  the  dog,  the  muscular 
current  may  disappear  in  half  or  three-quarters  of  an  hour.  In  the 
limb  of  a  frog  that  has  been  properly  protected  and  under  a  cool  tem- 
perature, it  may  remain  for  two,  three,  or  even  four  weelts.  It  is  on 
account  of  this  persistence  of  irritability  in  frogs  that  they  are  so  fre- 
quently chosen  in  electro- physiological  experiments.  Irritability  also 
varies  with  Uie  temperature.  It  lasts  longer  in  cold  than  m  waim 
weather,  and  und^r  extreme  heat  it  remains  but  a  short  time. 

Tlie  local  application  of  poisons  and  powerful  chemical  substances, 
IS  extract  of  opium,  acetates  of  strychnine,  morphine,  creasoie,  nitrate 
of  silver,  mineral  acids,  rapidly  destroys  the  irritability. 

Hvw  Muscular  Contractions  are  Produced. — There  are,  then,  two 


142 


ELECTRO-PHYSIOLOGY. 


«a>-s  by  which  the  muscles  can  be  made  to  contract  onder  electricity : 
(i)  by  acting  on  the  motor  ncr\-cs,  and  (a)  by  actittg  on  the  muscles 
themselves.  There  it,  however,  this  interesting  and  important  differ- 
ence in  the  effect  of  electrizing  the  motor  nerves  and  the  muscles,  tfiat 
when  the  foniter  aie  electrized  all  the  muscles  supplied  by  them  con- 
tract, and  when  the  muscles  are  electrized,  only  that  muscle  to  whkh 
die  electrodes  are  applied,  or  that  part  of  the  muscle  between  the 
electrodes,  will  contract  When  direct  applications  to  the  muscle  are 
made,  the  best  contractions  are  produced  by  putting  one  electrode  at 
each  end  The  muscular  contractions  produced  by  directly  (an- 
dizing  the  niu!iclc  arc  due  to  the  excitation  of  the  muu:Ie,  and  also  of 
the  in  Ira- muscular  nerve-fibres.  The  most  powerful  musatlor  contrac- 
tions are  produced  by  placing  one  electrode  on  the  muscle,  and  the 
other  at  the  point  where  the  motor  nerve  that  suppKes  it  is  most  super- 
ficial. 
*  J}ifferintial  AdifiH  c/  Positive  and  Negative  Pole  in  Praductng  Con- 
tra^tifim. — Mot  only  is  there  a  difference  in  the  degree  in  the  opening 
and  closing  contractions  of  the  f;iradic  current,  but  there  is  also  a  dif- 
ference in  the  action  of  the  poles  in  producing  contractions.  When  the 
iQterraptions  are  rapid,  as  in  the  majority  of  machines,  the  muscle  does 
not  have  time  to  go  through  all  the  process  of  lengthening  and  shonen- 
ing  with  each  movement  of  the  current  to  and  fro,  and  consequently 
it  is  kept  in  the  state  of  tonic  contraction  above  described.  If,  now, 
one  pole  be  placed  on  some  indifferent  point,  while  the  other  pole 
is  placed  over  the  nerve  to  be  acted  on,  it  will  be  found  that  the  ntga- 
tiv£  pole  pnnluces  stronger  contractions  than  the  positive. 

This  experiment  is  easily  made,  and  it  b  not  difficult  to  demonstrate  on 
one's  self  thai  this  stronger  action  of  the  negative  pole  in  producing  mtis- 
cular  contraction  is  entirely  independent  of  the  direction  of  the  current 
— i&,  in  short,  a  polar  effect  We  have  already  seen  that  on  sensory 
nerves  the  negative  pole  is  more  powerfully  felt  than  the  positive. 

Simple  Fluctuation  in  Strength  of  Current  su^ient  to  Produce  Con- 
traction. — In  order  to  produce  muscular  contractions  it  is  not  necessary 
that  the  current  should  be  opened  or  dosed.  A  moderate  variation  in  the 
strength  of  the  current — such  as  is  obtained  by  adding  one  dr  more 
cells,  or  by  uniting  another  and  independent  current  b  the  circuit,  or 
by  taking  off  some  portion  of  the  current  from  the  circuit — wilt  cause 
tiusciilar  contractions.     The  contractions  produced  in  this  way  arc, 

vever,  less  vigorous  than  those  produced  in  closing  and  opening  the 

it     It  is  to  be  observed,  also,  that  the  vigor  of  the  contractions  ia 

■rtioned  to  the  suddenness  of  the  closing  or  opening  the  cirO'iL 
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This  point  is  frequently  forced  upon  our  observation  in  the  treatment  of 
paralysis.  If  the  electr[>dcs  arc  ormvil  with  lai^e  sponges,  and  ire 
»l<wly  applied  over  the  muscle,  with  gridually  increasing  pressure, 
^ciircfly  any  contraction,  or  at  least  only  a  feeble  one,  is  produced ; 
but  if  the  intemipcion  be  mode  in  the  mclallic  ]>art  of  the  circuit — in 
the  electrode  by  an  interrupter,  or  in  the  battery — the  contraction  with 
the  same  current  will  be  very  energetic 

%  referring  to  Electro-Physics  (p.  55),  it  will  be  seen  that  the  law  of 
ouiscular  contruccion  under  electrisation  follows  the  laws  of  current- 
ioduction.  Both  contraction  and  induction  occur  when  a  thange  is 
made  in  the  strength  of  the  current  by  closing,  opening,  increasing, 
or  diminishing. 

Muuular  Contractions  mare  Vigorous  when  a  great  length  of  iht 
Nerve  is  Galvaniud. — The  muscular  contraction  caused  by  gatvatiisa' 
tion  is  greater  when  a  large  than  when  a  sniBlI  extent  of  the  nerve  is 
included  between  the  electrodes.  It  is  not  a  difllcuU  matter  to  demon- 
sirate  this  fact.  The  experiment  caa  be  made  on  nerves  of  rabbits, 
dogs,  frogs,  or  other  animals. 

Nerves  of  Living  Man. — Our  previous  remarks  have  been  ap{>l)ed  to 
the  reaction  of  the  nerves  of  animaU  in  a  condition  not  purely  physio- 
logical. IVTicn  the  galranie  airrent  is  applied  to  a  living  and  healthy 
motor  nerve  in  a  healthy  man,  contraction  takes  place  only  on  closing 
the  ciratii.  This  fact  is  constant  with  either  pole  and  any  direction  of 
the  current  The  native  pole  applied  to  the  nerve  produces  stronger 
contraction  than  the  jiositive.  At  the  opening  of  the  current  there  is  no 
eoniraetioH-  When  the  nerve  is  separated  from  the  body,  or  injured,  or 
fatigued  in  any  way,  the  phenomena  already  described  appear.  The 
first  symptom  of  fatigue  is  contraction  both  at  the  opening  and  closing 
of  the  cuficnt.  When  the  nerve  becomes  more  exhausted  the  contrac- 
tions are  produced  on  closing  and  opening  the  inverse  current ;  and 
when  the  exhaustion  is  still  greater,  contraction  is  obtained  only  on 
making  the  direct  c:urrcni. 

Action  of  the  Faradie  Current. — The  faradic  current,  when  rapidly 
interrupted,  as  in  most  of  the  faradic  machines,  and  applied  to  the 
motor  nerves,  keq>s  up  a  tonic  contraction  of  die  muscle  supplied  by_ 
these.     This  contraction  is  maintained  so  long  as  the  ciirrcnl  runs. 

If  a  contrivance  for  making  s!ow  inductions  be  connected  with  the 
faradic  machine,  then  the  contraction  of  the  muscles  corresponds  to 
the  oi>ening  and  closing  of  the  current,  and  the  opening  eotttraetion  is 
stronger  than  the  closing. 

When  the  cuneot  of  the  secondary  wire  is  closed  by  placing  the 
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electrodes  on  the  skin,  the  current  of  the  primary  coil  (extra-carrenl} 
exercises  ii  retarding  influence  on  the  secoodaiy  current,  and  then  the 
closing  coiitraciion  is  rendered  more  gradual  and  gentle  from  nothing 
to  the  maxioium. 

When  the  current  of  the  secondary  coil  is  ojKrned,  the  current  of  the 
primary  coil  (extra-current)  does  not  exist  (sec  Elcctro-Phyiic*,  p.  55). 
and  consequently  the  current  of  the  secondary  coil  is  not  retarded  and 
goes  rnpidly  from  its  maximum  to  nothing. 

Differential  Aetian  of  Primary  and  Secondary  Coils. — Duchenne  has 
stated  with  a  measure  of  truth  that  the  current  of  the  primary  coil  (ex- 
tra-current) of  his  apparatus  has  a  more  powerful  effect  on  the  senisi- 
bility  and  contractility  of  the  orgaas  beneath  the  skio,  while  the  current 
of  the  secondary  coil  acts  more  powerfully  on  the  retina  and  on  the 
skin.     "The  primary  coil  is  composed  of  thick,  short  wnre. 

The  secondary  coil  is  composed  of  long  and  ihin  wire  with  many 
windings. 

The  differential  action  of  the  primary  and  secondary  cnnents  on  the 
skin,  muscles,  and  optic  nerve  is  due  to  these  two  causes  : 

I.  The  primary  current,  circulating  through  a  short  thick  wire,  lias 
less  tension  than  the  secondary  current  that  circulates  through  a  long 
thin  wire,  "because  tension  is  developed  only  in  the  pre«nce  of  resist- 
ance. Since,  now,  the  skin  offers  greater  resistance  than  the  muscles, 
the  secondary  current,  by  virtue  of  its  greater  tension,  is  able  to  pene- 
trate ic,  and  also  to  penetrate  the  brain  and  affect  the  optic  nerve. 
But  the  primary  current,  having  less  tension,  passes  through  the  skin, 
circulating  in  it  but  slighdy,  and  goes  to  the  muscles  beneath,  which  are 
good  conductors,  and  on  these  it  spends  its  force.  In  other  words,  a 
current  of  low  tension  selects  the  best  conductors,  avoiding  the  poor 
conductors  so  far  as  is  possible,  while  the  current  of  high  tension 
traverses  also  jKwr  conductors. 

3.  The  primary  current  moves  in  one  direction,  and  has  a  mild  elec- 
trolytic power,  while  the  secondary  current  moves  to  and  fro  so  rapidly 
that  it  cannot  perforin  electrolysis. 

Aeticn  of  the  Galvanie  Current. — ^The  interrupted  galvanic  atireot 
of  moderate  strength,  if  applied  to  a  motor  nerve,  causes  all  the  mus- 
cles supplied  by  that  nerve  to  contract. 

If  the  current  be  interrupted  slowly,  the  contractions  wilF  be  clonic,  if 
rupldly  interrupted,  the  contractions  will  be  tonic.  The  violent  contrac- 
.ions  that  occur  at  the  moment  of  dosing  and  opening  the  circuit  of 
I  intense  current  may  be  avoided  if  wc  begin  with  an   extremely  mild 

rrent  and  slowly  and  gradually  increase  its  tension.     By  this 
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Rittcr  wa/  enabled  to  pass  through  his  own  person,  without  experienc- 
ing cithCT  the  closing  or  opening  shock,  the  enormous  current  gener- 
awd  from  a  battery  of  two  hundred  elements. 

GahHttwioHic  Contractions. — IrVhen  very  powerful  currents  arc 
Applied  contiauou&Iy  to  the  nerves,  ionic  contractions  axe  produced  dur 
mg  the  whole  time  that  the  circuit  is  closed.  Contractions  thus  pro 
duced  were  called  by  Remak  gaivanetonii  tCH/racthm.  They  are 
called  galranoVi'ff/V  contractions  to  dtsting;uish  them  from  the  ci&Hit 
contractions  produced  by  the  faradic  current.  When  the  galvanic  cur- 
rent is  applied  continuously  to  th'*  surface  of  ihe  bo<ly,  by  means  of 
u<nst  sponges,  the  galvano-tonic  contractions  increase  in  vigor,  up  to 
a  certain  point,  Ihe  longer  the  electrodes  arc  kept  in  position.  'J'his 
phenomenon  is  explained  mainly  by  the  fact  that  the  skin  becomes  more 
iDOtst  )w  well  as  hj-pcrwmic  (p.  no)  by  the  effect  of  the  current,  and 
thus  becomes  a  better  conductor  for  the  electricity.  With  the  f;iradic 
current  this  increase  of  effect  is  not  so  obser^-able.  The  current 
lequired  to  produce  galvano-tonic  contractions  is  q;iitc  powerful  and 
painful.  The  strength  of  current  required  will  depend  on  the  [ibsition 
of  the  nerve  acted  on,  the  length  of  nerve  inchided  between  the  elec- 
tn>de$,  and  the  individual  experimented  on. 

Tonic  Coa/raftiont  in  Antagonistic  Muscles. — Remak  states  that  when 
galvanic  cairents  of  great  power  ore  used,  certain  nervous  tonic  con- 
tractions appear  in  antagtjnistic  muscles.  Thus,  for  example,  when 
ihe  ruediAn  nerve  is  subjected  to  the  continuous  action  of  a  powerful 
galvanic  current,  contractions  appear  in  the  common  extension  of  the 
same  arm,  so  that  the  fingers  are  raised.  It  is  probable  that  this  phe- 
nomenon is  due  to  rtfiex  action. 

E^ect  of  the  IVi/l  in  apposing  and  aiding  Conttactiens  produced  by 
EUctrieity. — ^Tlic  contractions  produced  by  electricity  can  be  materially 
aided  or  opjwwed  by  effort  of  the  will  of  the  person  operated  on.  If  a 
person  whose  muscles  are  being  electrized  concentrate  his  mind  on  the 
muscle  thai  is  subjected  Co  the  influence  of  the  current,  and  simultane- 
ously with  the  closing  of  Uie  circuit,  wills  to  contract  the  muscle,  the 
coniraclion  will  be  more  vigorous  and  complete  than  when  the  elec- 
tricity is  not  so  aided.  The  will  co-operates  with  the  electricity,  and  the 
two  agents  reinforce  each  other,  and  thus  accomplish  more  than  would 
be  possible  for  either  alone.  This  aun  be  very  conveniently  dcmon- 
stntcd  on  tlie  communis  extensor  of  the  forearm.  In  eleciro-therapeu- 
tica  this  co-operaiion  of  the  force  of  will  and  electricity  becomes  of 
great  practical  value.  It  has  long  been  known  that  paralytic  patients 
nf  all  kinds,  even  those  of  a  cerebral  chronic  incurable  character,  can  be 
lO 
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greailf  benefited  by  slightly  cimctntrating  ih«  mind  on  ike  parts  to  U 
m^vtd,  as  the  fingers  vr  toes,  and  resoJutely  willing  bf  mote  them. 

In  i>r»clicc  it  h&s  been  found  that  such  treatment  is  of  positive  and 
permanent  service. 

The  combinatiun  of  the  furce  of  will  with  elecuicily  is  very  touch 
more  efficacious  than  either  when  used  alone.  When  a  nitiscle  becomes 
so  diseased  that  the  will  is  powerless  to  retnove  it,  tiie  electricity 
tiiay  contract  it  with  ease.  Where  electricity  alone  causes  feeble  or 
imperfect  conlraction,  electricity,  co-operating  with  the  will,  may  make 
the  contraction  vigorous  and  complete.  In  order  to  make  ex|>crimcnt9 
of  this  kind  fully  successful,  it  is  necessary  that  the  mil  and  force  should 
be  concentrated  simul/aneously  with  the  closing  of  the  circuit;  and 
yet  expericDce  shows  ihai  the  efi"ect  of  the  electiiiation,  if  not  too 
long  continued,  is  to  give  tone  of  the  muscle,  so  that  it  responds  more 
readily  to  the  wit]  for  several  minutes,  or  even  hours,  after  being  sub- 
[ected  to  the  electrization.  This  is  especially  obser\'ed  in  muscle*  that 
are  in  a  condition  of  paresis.  In  all  these  cxpcrinienls  much  dcperKis 
on  the  organic  energy  and  grit  of  the  patient.  Co::versely,  it  is  found 
that  by  an  effort  of  will  the  contraction  of  muscles  induced  by  electri- 
city can  be  within  a  ccitain  limit,  successfully  opposed.  The  cx|>cri- 
mcnt  can  be  made  on  the  cotnniimis  extensor  of  the  forearm  without 
difficulty.  A  feeble  current  will  cause  this  muscle  to  contract  so  as  to 
bring  up  the  hand  and  fingers;  by  an  eflbrt  of  tlic  will  this  can  be, 
resisted  so  that  the  hand  remains  on  a  level,  or  nearly  so.  When  ver/i 
strung  currents  are  used  the  wtU  is  completely  overborne,  and  has  no 
effect  whatever. 

Extent  of  Shortening  of  Muscle  during  a  Contraction. — In  the  process 
of  contraction  muscles  shorten  in  proportion  to  their  length.  The 
greatest  possible  shortening  is  obtained  during  tetanic  or  continuous 
contraction,  and  not  during  a  momentary  contraction.  The  maximum 
of  shortening  is  reached,  not  suddenly,  but  gradually,  and  it  does  not 
long  remain  at  the  maximum  even  when  the  electrization  is  continued, 
but  begins  to  lengthen  at  first  rapidly  and  then  more  slowly. 

The  greatest  amount  of  shortening  possible  to  a  tntiscle  is  thret-quar- 
ters  or  two-thirds  of  its  length. 

In  contraction  the  muscle  becomes  a  little  smaller  in  bulk.  The 
cause  of  this  is  not  fully  understood.* 

/mmediaie  Strengthening  or  Restorativt  Efftd  of  Eieetrixation  en 
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Voluntary  Museles. — One  very  intere«ing  effect  of  electrization  on 
voluntaiy  muscles  is  to  increase  their  power  of  doing  work.  This  eflTect, 
which  is  called  by  Heidcnhatn  and  Rcmalc  restorative,  can  be  demon- 
strated ia  various  ways,  The  capacity  of  walking,  to  cases  of  paralysis 
of  the  lower  limbs,  is  sometimes  incrciLsed  at  once  after  electrization  \ 
the  patient  ste|«  across  ihc  floor  easier  and  more  firmly  and  rapidly, 
and  can  walk  further ;  or  he  can  raise  his  leg  higher  and  with  let<« 
difficultjr.  In  one  case  of  paral)-si3  of  the  tibialis  andcus  muscle  there 
was  no  resjionsc  to  ihc  wilt  until  3  current  of  medium  strength  had 
been  applied,  when  it  contracted  without  much  difficulty.  Dr.  Poore  * 
found,  on  placing  a  weight  of  1 7  oz.  in  the  hand  of  a  man  holding  his 
arm  out  at  right  angles  with  his  body,  that  in  four  minutes  the  pain  was 
to  great  that  he  could  not  go  on  ;  applying  now  a  mild  current  through 
the  nerves  of  the  arm,  the  strength  returned.  Another  man  could  hold 
out  his  arm  13J  minutes  when  the  current  was  applied,  but  only  6 
tninulcs  without  the  current. 

The  dynamometer  is  a  good  means  of  studying  this  subject.  In  one 
case  Dr.  Poore  found  that  eight  successive  squeezes  of  the  dynamome- 
ter with  electrieation  gave  4J7  lbs.  ;  without  electrization,  38S  lbs.;  a 
difference  of  A9  Ibti.  In  another  experiment  made,  when  the  hand  was 
not  tired  by  previous  experimenting,  the  difference  was  even  more 
marked,  being  a  gain  of  153  in  six  stjucezes  of  the  dynamometer. 

Effect  ef  Fatigue  of  Muscles  on  the  Contractility. — When  a  striped 
muscle  l>ccomcs  wry  much  weakened  or  fatigued  it  behaves  under  clec- 
tmation  much  like  the  smooth  muscle.  Dr.  Beard  has  demonstrated  this 
fiict  on  dying  rabbits  and  dogs.  Beginning  the  electrization  just  as 
they  are  cut  0|icn,  the  striped  muscles  re-ict  vigorously  and  normally  to 
the  ctirrent ;  but  as  the  animal  dies  the  character  of  the  contraction 
changes,  becoming  slower  and  more  delilicrate.  If,  now,  the  current 
be  r^>idly  interrupted,  no  contraction  occurs,  for  there  is  not  time  for 
the  muscle  to  respond.  \i,  now,  weak  currents  are  used,  the  muscle 
contracts  very  much  af^er  the  manner  of  unstri|ied  nuisclc — that  in,  with 
a  slow  drawir^  rather  than  a  rapid  and  vigorous  action. 

Effect  of  Muscular  Tension  and  Relaxation  on  Muscular  Conirae 
tioH. — Dr.  \Vm.  R.  Fisher,  of  New  York,  has  called  attention  to  the 
fact  that  muscles  contract  more  easily  when  somewhat  rclnxed  thaji 
when  in  a  tense  condition.  This  experiment  can  be  tried  very  easily  on 
the  common  extensor  of  the  forearm  or  on  tiie  peronci  muscles  of  the 
leg.     I'he  fact  is  of  practical  importance  in  the  treatment  of  paralysis. 


TluPraettiiener,  Jul*  1873, 
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ZiciiiSscn,*  on  experimenring  with  iinpolarizablc  electrodes,  and 
gradually  increasing  the  strength  by  the  aid  of  the  ih;osta(,  obtained 
the  following  results; 

I.  With  the  weakest  current  that  caused  muscular  coDlraction  there 
was  evening  contraction  at  the  cathode. 

a.  With  a  current  a  little  stronger  there  was  strong  eleiing  centra^ 
Hon  at  the  negative  pole,  and  weak  opening  contraction  at  the  positive. 

3.  With  still  stronger  current  there  was  also  Wjcak  contraction  at  the 
opening  oj  the  positive  pole. 

4.  With  still  stronger  currents  iJiere  was  a  tonic  eontraeiton  at  the  nega- 
tive foie,  continuing  for  some  time  after  tlic  contraction  at  the  closing. 

5.  With  a  tuucti  stronger  current  the  tonic  contraction  was  more 
vigorous;  the  other  contractions  are  also  increased  in  strength,  and  there 
api'trarcd  a  contraction  ai  the  opening  0/  the  negative  pole. 

6.  With  the  strongest  current  that  can  be  borne,  all  the  other  contrac- 
tions were  increased  in  strength,  and  there  appeared,  besides,  moderate 
tonic  eontrottiem  at  the  positive  pole. 

The  above  results  can  be  verified  only  when  unpolarizable  electrodes 
are  used,  for  with  ordinary  electrodes  the  pain  would  be  far  too  great 
to  be  endured.  The  opening  and  closing  of  the  current  must  be  made 
in  the  metallic  part  of  the  connection,  in  order  to  give  it  the  greatest 
possible  suddenness.  Zicmssen  suggests  for  these  experiments  the 
median  ami  nlnar  nerves  at  a  point  a  little  above  the  wrist.  At  this 
point  the  epidernis  is  quite  thin  and  the  nerves  superficial.  Judging 
from  our  observations,  it  is  impossible  to  reduce  this  subject  to  a  rigid 
uiatlieniatical  law.  The  words  "strong"  and  "weak,"  as  applied  to 
currents,  arc  quite  indefinite,  and  the  irritability  of  nerves  varies  in  dif- 
ferent individuals  at  different  times.  It  is  for  these  reasons  that  observ- 
ers dilTcr  in  the  results  of  their  experiments. 

EUctrO'inuseuhr  Contractility  and  Electro-muscular  Sensihility.— 
The  susceptibility  of  the  muscle  to  contract  under  the  inlluence  of  the 
electric  current  is  called  electro-muscular  contractility.  The  sensation 
that  accompanies  tliis  contraction  of  the  muscles  under  the  electric 
[ufluecce  is  called  electro-muscular  sensibility.  Electroinuscular  con- 
tractility  and  electro-muscular  scnsibilitj*  vary  in  different  individuals, 
and  in  different  pans  of  the  body.  They  are  greatly  modified  by  dis- 
ease.    This  fact  is  of  great  importance  in  diagnosis  of  paralytic  affec- 

Qons. 

In  using  the  terms  electro-muscular  sensibility  and  electro- muscular 
contractility,  we  do  not  wish  to  convey  the  idea  that  the/  represeot  an/ 

•Op.dt.,p.8a 
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Special  nerve-functions,  but  rather  that  the  general  seD&ibility  of  the 
nerves,  and  the  general  contractile  power  of  the  muscles  may  be  excited 
by  the  application  of  electricity.  The  question,  whether  there  is  any 
spedal  sense  of  muscular  contractility,  aside  from  the  general  sensibility 
of  the  nervesr  of  the  muscle,  of  the  tissues  that  surrouncl  it,  and  of  the 
bones  and  cartilages  with  which  it  is  connected,  is  one  that  we  are  dift- 
posed  to  answer  in  the  oegative.  There  appear  tJ  be  hysterical  cases, 
where  the  consciousnc^  of  muscular  contractility  under  the  electric 
current  remains,  white  the  skin  is  almost  perfectly  auECSthetic  ;  and  there 
are  certainly  cases  where  the  muscles  respond  to  the  will,  but  do  not 
respond  to  electricity.  Practically,  therefore,  the  terms  electro-muscular 
sensibiUty  and  coniractilily,  especially  the  latter,  with  its  subdivisions 
into  farado-and  galvanu-contractiiily,  are  uf  gicat  value  in  electro- 
[iliysiology  and  therapeutics,  and  it  appears  to  us  are  perfectly  legitimate. 

The  manifestations  of  the  clectro-muscutar  contractility  and  sensibility 
of  the  muscles  in  Ihc  ditfcrerit  parts  of  the  body  arc  modificd,jtf/-jr,  by 
the  anatomical  position  of  the  muscles;  i^condly,  by  the  quantity  and 
distribution  of  the  sensitive  nerves ;  and  thirdly,  by  the  thickness  of  Che 
skin  and  adipose  tissue. 

The  tnuscles  of  the  face,  the  piatysma  inyoides  and  steino-cteido- 
mastoid  are,  in  health,  very  sensitive  to  the  electric  iniluencc.  Next 
in  order  of  sensitiveness  to  the  electric  current  are  Uie  anterior  muscles 
of  the  foreaim  and  of  the  inner  side  of  the  thigh.  On  the  other  hand, 
the  muscles  of  the  back  possess  a  much  less  degree  of  electro-nmscular 
contractility  and  sensibility,  and  the  posterior  muscles  of  the  forearm, 
and  posterior  and  other  muscles  of  the  thigh  are  much  less  susceptible 
to  ibe  electric  influence  than  those  of  tlie  anterior  and  inner  portions  of 
these  hmbs.  In  corpulent  patients  it  is  more  difficult  to  atfect  the  mus- 
cles, because  adipose  tissue  is  coinparalively  a  poor  conductor.  In 
vomeD  and  children  the  adipose  tissue  is  relatively  more  abundant  than 
in  males  and  adults. 

Inereast  e/  Temptraiure  after  Museular  Contraction. — It  has  been 
ascertained  by  careful  experiments,  that  an  increase  of  temperature 
results  from  muscular  contractions  produced  by  Ihc  electric  current. 
Increase  of  temperature  in  the  muscles  of  paralyzed  iimbs,  after  elec- 
trization, is  fretjucnUy  perceptible  to  the  touch  of  the  operator,  and  the 
sensations  of  the  patient.  Wc  have  repeatedly  demonstrated  the  same 
results  from  faradization  of  the  arms,  the  legs,  the  face,  and,  indeed,  all 
ports  of  the  body.  In  very  many  cases  this  increase  oi  temperature  is 
so  marked  as  to  be  powerfully  appreciated  by  the  patient,  and  entirely 
perceptible  to  the  hand  of  the  operator.     General  faradization  cause* 
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more  or  less  elevalion  of  the  temiwratute  of  the  body.  This  is 
demonstrated  by  tlic  sensations  of  the  patient,*  and  by  the  thenuom- 
etcr. 

It  has  been  shown  by  BrownS^quard  and  Lombard  that  excitation 
of  Lhe  Derves  of  the  skin  causes  an  increase  of  terui^erature  in  the 
limUf 

The  development  of  heat  is  not  aided  by  increasing  the  strength 
of  the  current  above  the  degree  necessary  to  produce  a  ful)  contrac- 
tion. It  has  been  demonstrated  that,  in  patients  afflicted  with  itau- 
matic  tetanus,  there  is  a  great  increase  of  temperature  that  remains 
for  some  time  after  death. 

Investigations  on  tlie  effcxt  of  muscular  contraction  on  temperature 
should  be  made  by  delicate  surface  iheniiometers.  Sume  of  the  super- 
ficial muscles  of  the  Ibreann  offer  3  good  surface  for  this  experiment. 
The  thermometer  must  be  kept  firmly  and  unifonwly  pressed  on  the 
akin,  and  the  modifying  effect  of  currents  of  cold  atr  should  be  guarded 
against.  The  ihcmiumcter  should  be  kept  mj(/Babout  fiflecn  minutes 
before  beginning  electrization,  so  as  to  get  accurately  the  normal  tem 
perature.  Then  the  nerve  that  supplies  the  muscle  or  muscles  to  be 
tested  should  befaradited. 

The  following  investigation  is  from  Ziemssen.J  The  patient  was  a 
strong  man,  who  was  suffering  from  complete  paralysis  of  the  extensor 
muscles  of  the  hand  and  finger  from  nerve  injury.  This  fact  accounts 
for  l\\e  low  temperature  before  faradization. 

Temperature  on  the  foTeami,  between  the  extensor  digit,  comra. 
and  exten.  carp.  radi.  btev. : 

The  skin  uncovered 34.7°  Cent 

After  4  minutes'  faradization  through  the  radial  nerve  : 

At  openiug  of  current 34.8 

I  minute  after  opening  the  current 35.3 

5  minutes  "  *'       35.7 

10        "  "  "       35-35 

"        "  "  "       3S-3 

In  the  J3th  minute  faradtzxtion  was  renewed  for  i  minute: 

Temperature  at  opening  the  current 34.7 

I  minute  after  opening  the  current 35.1 

4  minutes  "  "      35.45 


*  Eltetrieilat  in  dtr  Mtdecin,  tS66,  p.  3^ 

f  Arthivet  dt  Pkyti^itgit^  November  Mid  Deccnber,  iSfiS.        {  Op.  eft.    p,  90, 
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In  the  6th  minute  faradization  was  renewed  for  i  minute : 

TenipcKitiire  at  opening  the  current 35.1 

1  minute  after  opening  the  current 35.3 

5  minutes  "  "       35.6 

The  general  results  of  all  the  investigations  that  have  been  made  in 
this  (IvpartmcDt  by  Becqucrel,  Breucbet,  Helniholtz,  Zienisseo,  Altliaui, 
and  ourselves  arc  these : 

1.  When  muscles  art.-  made  to  contract  under  faradization  of  ihc 
nerres  that  supply  them  iheir  ceniperaiure  rises. 

2.  This  elevation  of  temperature  is  not  necessarily  accompanied  by 
my  increase  in  size  cf  the  ves&cis,  although  faradization  usually  lacicascs 

'  the  size  and  appearance  of  the  vessels  more  or  le^. 

3.  The  more  vigorous  the  contraction  and  the  longer  it  is  continued, 
the  higher  the  tfmi>eraturc  rises, 

4.  If  the  faradization  he  continued  long  enough  the  temperature  will 
be  so  much  increased  that  it  can  be  detected  without  difficulty  by  the 
hand,  and  by  itie  sensations  of  the  jwrKon  operatt-d  on. 

5.  When  all  the  superhcial  muscles  of  the  body  arefaradized,  as  in  the 
method  of  general  faradization,  the  temperatiuc  not  only  of  individual 
muscles,  here  and  there,  but  alao  of  the  whole  body,  nsc%.  This  fact  we 
have  repealed  and  demonstrated  by  observations  made  on  many  varie- 
ties of  temperament. 

A  more  accurate  method  of  investigating  this  subject  is  by  means 
of  the  thermo-electric  pile  (sec  Eleclro-Physics,  p-Cj)*  Thts  instru- 
ment is  capable  of  measuring  a  small  vaiiation  in  temperature,  and 
also  indicates  Ihc  variiitions  much  more  quickly  than  the  themioin 
etcr.  The  thenno-eleclric  pile  is  connected  with  a  reflecting  galva 
nometer  (see  Electro-Physics,  p.  4 1)^  Ziemssen  gives  the  foUomng  oh 
scr^'atiun  made  on  the  extensors  of  the  forearm  : 

TWB  09  Fakadizatiok.  Deflection  of  thz  Nksrle 

Mtnttift.     SftffHdl.  OP  THS  GaLVANOUSTKR, 

o  '5  -  15 

o  3»  +  «-3 

0  45  +  5-0 

1  —  ...M -  7.a 

a  —  ............  -hiQ-o 

3  —  +30-1 

4  —  +40.1 

It  will  be  observed  that  with  the  increase  in  the  time  of  the  feradiza- 
tion  there  is  greater  and  greater  deReclion  of  the  needle,  just  as  there 
is  a  rise  of  the  mercury  in  the  ordinary  thermometer. 
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Source  of  Heat  in  Museular  Contraction. — According  to  Hermann,* 
who  has  specially  studied  the  chemistry  of  the  develoimicnl  of  heat 
during  muscular  conliactioii,  muscLilax  work  is  the  result  0/  the  decom- 
position 0/  nitrogenous  substances.  Among  the  products  of  Uiis  de- 
composition arc  Afixrd  acid,  carbonic  add,  and  myosine.  Of  these  the 
carbonic  acid  leaves  the  body,  while  the  fixed  acid  and  the  myosin*  re- 
main and  are  worked  over  again  in  the  organisiiL  The  muscles  grow  at 
the  same  time  that  they  work  and  develop  heat,  and  urea  and  creatine 
are  found  in  the  residuum.  The  imisicle  is  restored  by  the  act'iou  of 
oxygen,  an  albutninnid,  and  a  non-nitrogenous  substance  in  the  blood. 

All  these  complex  cheiuical  changes  that  are  excited  during  niuscu* 
\ta  corAx^zViCia  give  rise  to  heat.  If  the  muscle  is  prevented,  by  tne> 
chanical  means,  from  contracting,  the  heat  develops  in  it  more  rapidly 
than  when  it  is  free.  This  follows  from  the  recognized  law  of  the  cor- 
relation and  conservation,  of  forces.  The  force  that  does  not  appear  ai 
work  apiwars  as  heat. 

Duration  of  Electro-muscular  Contractility  after  Death, — The 
muscles  retain  their  conuaclility  under  electricity  several  hours  after 
death.  The  length  of  time  that  the  electro-muscular  contractility  is 
preserved  varies  with  difTerciit  umscles,  with  different  animaii,  and 
probably,  also,  with  the  tnodc  of  death.  In  order  to  determine  this 
question,  T)r.  Beard  has  made  experiments  on  dogs  and  rabbits.  Dr 
OnimU8,f  of  Paris,  has  experimented  on  the  body  of  a  murderer  who 
bad  been  guillotined.  He  found  that  the  muscles  of  the  tongue  and  dia- 
phragm were  the  drst  tu  lose  their  electro -muscular  contractility.  Next 
came  the  luu&cles  of  the  face,  among  witich  the  masseter  retains  its  ex- 
citability the  longest.  Tiuo  and  a  half  hours  after  death  the  electro 
muscular  contractility  was  lost  in  ail  these  muscles. 

In  the  limbs  the  extensor  muscles  first  lose  their  electro -muscular 
contractility,  and  in  ;ibout  an  hour  the  flexors  followed.  The  muscles 
of  the  tnmk  rt.-s))unded^r^  or  six  hours  after  death,  and  the  abdomiuol 
muscles  longer  still. 

Onimus  observed  on  the  criminal  what  Dr.  Beard  has  observed  on  dogs 
and  rabbits,  th.it  when  the  muscle  is  dying  it  contracts  most  noticeably 
at  the  point  where  the  elccirodcs  arc  placed,  and  very  slowly  at  a  dis- 
tance from  the  electrodes ;  and  that  the  muscles  respond  to  direct 
slectrtzation  widi  needles  after  they  have  ceased  to  respond  to  the  cur* 
rent  when  applied  through  the  skiq. 


*  Morgan,  op.  cU.,  p.  58)  et  Mq. 

I  Lt  Mamvtmemt  MUitait,  Feb.,  187), 


ELECTRO-PHYSIOLOCICAL  AXATOMY. 


153 


N 


Previously,  in  January  and  t-ebniary,  i8o3,  Aldini,  a  nephew  of 
Gftlvani,  obtained  permission  from  the  government  to  experiment  or 
two  criminals  who  were  executed  at  Boulogne.  Immediately  aftei 
death  the  bodies  were  subiiiiiccd  to  powerfut  galvuiiii:  excitation.  The 
muscles  oC  (he  face  contracted  vigorously  in  such  grimaces  as  to  irighten 
the  assistants.  The  liaibs  were  violently  convulsed,  and  the  bodies 
acted  as  tliough  they  would  ri^  again  to  life. 

At  Gla-igow,  Urc  majde  sinjilar  experiments  on  the  body  of  a  crimi- 
nal that  had  been  on  the  gallows  one  hour.  The  applications  were  made 
to  the  spinal  marrow,  the  phrenic  nerves,  and  the  intercostal  mnsdes. 
According  to  the  position  of  the  electrodes  the  body  was  bent  forcibly 
back,  the  chest  rose  and  fell  as  in  llic  act  of  breathing,  ami  ihc  various 
emotions  of  lage,  terror,  despair,  were  depicted  on  the  counteiuuice. 
One  of  the  spectators  fainted,  and  several  were  obliged  to  leave  the 
room. 

Mledro-physiological  Anatomy. — EUctro^hysiolcgical  analomy  treats 
tj  the  physiological  action  of  musetcs  utuier  tht  infiuenee  of  the  eleetrie 
eurrent  applied  ia  such  a  way  as  to  product  contraclions. 

The  contraction  observed  in  an  individual  muscle,  when  submitted  to 
the  influence  of  the  electric  currii^ut,  closely  re&embles  the  contraction 
of  the  same  muscle  when  under  the  influence  of  the  wiU. 

Ducbenne  was  the  futt  to  iuvei^tigale  this  subject  systematically,  and 
bis  rescarche;*  have  done  much  to  modify  the  accepted  views  concerning 
the  functions  of  certain  muscles.  Those  who  desire  a  more  complete 
idea  of  his  views  than  is  given  in  the  following  brief  resumr,  we  refer  to 
his  writings.* 

Museies  of  the  Fate — Electro-physiognomy. — This  name  has  been 
applied  to  the  study  of  character  and  expression,  through  localized 
Cuadization  of  the  muscles  of  the  face.  Ky  means  of  small  electrodes 
the  cuirent  can  be  localized  %o  as  to  produce  contractions  even  in  the 
smallest  muscles.  For  these  experiments  a  recently  dead  subject  has 
this  advantage  over  the  living  man,  that  in  the  case  of  the  latter  con- 
tractions produced  by  the  current  would  be  complicated  and  interfered 
with  by  involuntary'  movements. 

According  to  Duchenne,  who  has  chiefly  investigated  this  subject,  the 

*  De  rElecUbalion  LocalU^  et  de  Kin  AppIic&tioD  ^  In  Pathologic  ct  i  U  Thfra- 
peulique.  Pari;,  1S61.  Alio,  MfcbAiiKine  de  la  Phj-tionomie  Hiim^inc,  ou  An&ly^e 
£lc£iro-phyuolo||^uc  dc  I'Exprcsdan  des  Pr44vii»  afpHcntfle  ill  la  Pratique  de«  Acts 
Pbutkjuei.  Pari^  186a.  Tbbworlc  contains  jihotot^ravhic  repM.-s«(ilauoiiK  uf  the 
virkms  appeaiuncet  of  th«  face  under  eiectnzaiion  of  the  liiffcrmc  muKlct.  TbCM 
photopspbi  arc  frojucntly  referred  to  by  l>aiwiiL  In  his  work  qd  Exprtttian. 
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frontalis  muscle,  whon  a  little  contracted,  exprcs&es  pleasure ;  when 
more  contracted,  asioniilimcnt  or  doubt ;  when  strongly  contracted 
with  other  muscles,  terror. 

Contraction  of  ihc /yramh  fa/is  nasi  expresieg  sadness;  of  the  (:<»r- 
rugtUor  superciliiy  contemplation  ;  of  the  orbicularis  ^Ibelrrarum,  con- 
tempt.  Contraction  of  these  two,  united  with  the  pyianiidalls  na^, 
gives  %  iuittffu),  inalitious  expression.  Contraction  of  the  triangularis 
nast  expresses  lust ;  oi  the  sygomatieus  major,  various  degrees  of  mirth; 
of  the  tygomaticuj  miitor,  melancholy ;  of  the  /•lafystna  myaides,  hypo- 
critical laughter;  of  the  //a/ysma  myoidfs,  pain.  Contraction  of  tlie 
flaiysma  myaides  axiA  fr&ftiatis  gives  an  expression  of  terror.  Contrac- 
tion of  the  plaiysma  myoidts  and  fiyramidalit  expresses  rage.  United 
contraction  of  the  tygcmaticus  major  aiid  /rontaiis  produces  an  ex* 
prcssion  of  agreeable  surprise.  Contraction  of  the  ^wcrino/cr  indicates 
age,  by  m.-Lkini{  furrows  in  the  cheek. 

Contraction  of  the  legator  alec  and  labii  sufierioris  causes  an  un- 
pleasant expression,  such  as  a  child  exhibits  when  about  to  cry  ;  contrac- 
tion of  the  triangularis  arts  gives  an  cxin-essinn  of  sadness  or  disgusL 

Contraction  of  the  external  fibres  of  the  orbicularis  oris  gives  the 
lips  a  position  of  whistling  or  tissing  ;  contraction  of  the  internal  libres 
of  Uic  same  muscle  compresses  the  Ups  against  the  teeth. 

Muscles  of  the  Upper  Extremity, — Tlie  contractions  resulting  froui 
electriiation  of  the  extensors  of  tbe  Angers  give  to  the  hand  a  peculiar 
appearance. 

The  first  phalanges  not  only  become  extended,  but  arc  spread  apart, 
while  the  last  two  phalanges  become  Hexed. 

The  metacaipus  fomis  an  angle  widi  the  forearm,  and  in  this  condi- 
tion the  hand  rcscmbltrs,  to  a  certain  extent,  a  bird's  claw. 

Elcctri^alion  of  the  extensor  digiti  minimi  proprius  separates  the  lit- 
tle finger  from  its  neighbor,  while  contraction  of  the  extensor  indicts 
proprius  brings  the  index  and  middle  finger  together.  By  the  method 
■of  localized  elcclriRation  the  adductors  and  abdiictoi^  of  the  lingers, 
and  the  intenissci  and  tumbricales,  are  found  to  act  not  only  in  draw- 
ing  these  members  togedier  atid  separating  ihem,  but  also  in  extending 
the  second  phalanx  of  the  thumb  and  the  second  and  third  of  the  odier 
fingers- 

The  flexor  poUicis  brevis  is  concerned  in  extending  the  sccon<l 
phalanx  of  the  thumb,  as  well  as  in  flexing  the  first. 

So  long  as  the  arm  is  in  its  natural  position,  the  supinator  longiis  has 
no  function  to  perform  ;  it  is  only  when  the  forearm  ts  prone  chat  its 
peculiar  action  is  maiiifesL 
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In  paralysis  of  any  one  of  the  above  muscles,  it  is  readily  seen  thaf 
the  observalion  made  concerning  tlieir  functioD  i£  correcL 

For  example  :  if  the  adductor  longxis  and  t-xteiisor  brevis  poUicts  be- 
come paralyzed,  the  mclacarpal  bone  of  the  thumb  is  addiictcd.  If  th« 
extensor  longus  pollicis  is  paralyzed,  the  thumb  is  inclined  towards  the 
metacarpus,  although  its  movements  are  not  markedly  impaiicd  if  the 
extensor  brevis  and  adductor  longus  are  strong. 

Electrization  of  the  deitcid  not  only  raises  the  upper  arm,  biit  also. 
Tcry  perceptibly  changes  the  powtion  of  the  scapula.  The  external 
angle  of  the  shoulder-blade  becomes  dci>res&ed,  the  internal  angle  is 
elevated,  while  the  distance  between  its  posterior  spinal  border  and  the 
ribs  is  slightly  increased.  In  paralysis  of  the  deltoid  the  arm  hangs  by 
the  side  almost  completely  helpless.  The  muscle  is  composed  of  three 
distinct  groups  of  fibres,  and  the  degree  of  paralysis  depends  upon  the 
Dumber  of  groujis  or  special  group  involved. 

The  pcctoralis  major  and  latissiiniis  dorsi  muscles,  although  situated 
for  the  most  part  on  the  trunk  of  the  body,  are  especially  usefiil  iu 
assisting  in  the  movements  of  the  arm. 

Musclts  of  the  Trunk. — \S'hen  ail  of  the  fibres  of  the  trajicxius  are 
submitted  to  electric  excitation,  the  shoulder-bla.de  becomes  elevated, 
Bs  posterior  border  approaches  the  median  line,  the  shoulders  arc 
drawn  lutckwanl,  and  the  head  is  tlirown  slightly  forward  and  toward 
the  opposite  side.  Like  the  deltoid,  the  trapezius  is  made  up  of  three 
sets  of  fibres. 

When  the  superior  set  is  electrized  the  head  turns  toward  the  side 
initated,  and  the  face  looks  toward  the  opposite  side. 

The  middle  set  of  fibres  elevates  the  shoulder-blade,  while  by  the 
action  of  the  lower  set  its  inner  angle  is  depressed,  and  its  posterior 
border  is  drawn  toward  the  median  line.  In  complete  ]>aralysis  of  the 
trapezius  ihc  following  symptoms  are  manifest :  U'he  back  is  rendered 
broader,  on  account  of  the  scapula  removing  elighdy  from  the  spinous 
processes ;  the  shoulder  becomes  dcprei>sedt  and,  on  account  of  the 
abscDOe  of  steady  support  for  the  arm,  its  movements  are  rendered  diffi 
cult.  Electrization  of  Ihc  rhomboideus  major  and  minor  muscles  ele- 
vates the  scapula  and  slightly  inrns  it  on  its  outer  angle. 

If  the  current  be  sufficiently  intense,  the  lower  angle  of  the  scapuL 
approachcB  nearer  to  the  spinous  processes  diau  the  inner. 

If  the  rhomboideus  muscles  are  paralyzed,  the  scapula  removes  itself 
Kinewhal  fi-ora  the  walls  of  the  thorax,  the  skin  between  the  shoutder- 
hlade  and  the  spine  appears  in  folds,  and  the  lower  angle  of  the  bone  \t 
drawn  forward  and  outward,  on  account  of  the  action  of  the  serratiu 
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amicus  major.  By  excitation  of  the  seiratus  anticus  major  the  scajxiIj 
is  drawn  forward  uid  outward,  m  that  the  space  between  its  posteriot 
border  and  the  spine  is  doubled.  The  posterior  border  ii  pressed 
ag.unst  the  ribs,  while  the  anterior  border  is  markedly  removed  from 
them. 

When  ihe  muscle  is  paralyzed  the  shoulder-blade  sinks  but  httle,  so 
lon^  HB  the  arm  hangs  motionlc:>a  by  the  side ;  but  as  soon  as  it  is 
moved  from  the  body  llie  posterior  border  and  under  angle  of  thiB 
scapula  ate  tiftcd  from  the  thorax,  white  the  anterior  approaches  it  more 
cloi«]y.  In  complete  paralynis  of  the  &erratus  anticus  the  movements 
of  the  arm  are  much  impaired. 

A  single  external  intercostal  muscle  may  be  electrized  by  pressing  a 
small  electrode  against  the  lower  border  of  one  of  the  upper  ribs,  near 
the  origin  of  the  scrracus  magntis  moscle. 

The  individual  abdominal  muscles  are  readily  influenced  by  electric 
excitation. 

Electrization  of  the  rectus  muscle  so  stretches  and  draws  it  inward 
that  Ihe  abdominal  wall  becomes  dau  Irritation  of  the  external  oblique 
expands  the  abdomen  laterally. 

If  we  electrize  the  transverse  abdominal,  powerful  transverse  con- 
tracuons  of  the  abdomen  follow.  When  both  phrenic  nerves  arc  sub- 
mitted lo  electric  excitation,  powerful  and  frequent  contractions  of  the 
diajihragm  are  produced.  An  increased  amount  of  air  rushes  into  the 
lungs  on  account  of  the  capacity  of  the  thorax  enlarging  through  the 
descent  of  llic  diaphragm,  and  the  moving  outward  of  llie  false  ribs. 
Atrophy  of  the  diaphragm  causes,  during  inspiration,  a  depression  of 
the  epigastrium  and  abdominal  walls,  while  the  thorax  expands  as 
usual. 

Musehs  of  the  Lower  Extremities. — Electric  excitation  reveals  the 
fact  that  flcxLon  and  extension  of  tlic  foot  cannot  be  produced  by  the 
flexor  or  extensor  muscles  alooe,  since  these  muscles  lend  to  abduct 
and  adduct  as  well  as  flex  and  extend.  The  ^exors  and  extensors 
cause  direct  flexion  and  extension  only  when  they  act  in  conjunction 
with  certain  other  muscles. 

The  movements  of  the  foot  are  controlled  by  four  sets  of  muscles. 
These  are  : 

The  tibialis  andcus,  which  at  the  same  time  flexes  and  adduces  the 
foot — the  dcxor  adductor  muscle,  the  extensor  digitorum  communis 
longus  and  extensor  hallucis,  which  flex  and  abduct  the  foot — the 
flexor  abductor. 

The  gastrocnemius  solius  and  tibialis  posticus,  which  extend  and 
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xddnct  the  foot — the  extensor  adductor,  and  the  peroneus  longus  %iid 
brevis,  which  extend  and  ahduct  the  foot — the  extensor  abductor. 

Electrization  of  the  tibialis  anticus,  or,  tn  other  words,  the  Acxor  ad- 
ductor niuede,  not  only  extends  and  addiictEi  the  foot,  but  lifts  the  innei 
border  of  its  upper  portion  as  well. 

ElectrLtation  of  that  group  of  muscles  called  the  flexor  abductor,  be* 
sides  flexing  and  abducting  the  foot,  extends  the  four  last  toes,  lifts  the 
outer  border  of  the  foot,  turns  the  sole  outward,  and  bends  the  great 
toe. 

Pes  equinus  may  result  from  the  stronger  action  of  the  extensors. 

If  the  6cxor  abductor  group  become  paralysed,  the  movement  of  the 
fool  is  reversed — the  sole  turning  inward  ami  the  anterior  portion  turn- 
ing upward. 

Electrization  of  the  extensor  adductor  group  so  extends  and  adducis 
the  foot  tliat  the  heel  is  directed  outward  and  the  great  toe  inward.  The 
first  phalanges  of  the  toes  become  extended,  and  the  last  flexed,  giving 
to  them  the  form  of  claws. 

Elcctrizaiton  of  the  extensor  abdnctor  so  extends  and  abducts  the 
foot  that  the  internal  malleolus  becomes  decidedly  prominent  through 
the  sinking  of  the  inner  border  and  tlie  elevation  of  the  outer  border 
of  the  foot.  Paralysis  of  tliis  last-named  group  of  muscles  produces  in 
the  course  of  time  what  may  be  termed  a  flat  foot.  This  results  from 
the  disappearance  of  the  arching  of  the  foot. 

In  consequence  of  paralysis  of  the  extensor  adductor  the  foot  natu- 
rally becomes  abducted,  the  arch  of  the  dorsal  surface  is  increased,  and 
instead  of  the  flat  foot  above  mentioned,  we  have  a  very  decided  hollow- 
ing out  of  the  plautar  side. 
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CoirrRACTioNs  are  produced  in  a  i^luntary  muscle  the  instint  the 
p<des  of  a  galvanic  battery,  or  of  an  elcrtro-raagnctic  machine  in  o))er* 
aiion,  are  applied  to  it.  The  contraction  of  the  muscle  connnaes 
during  the  pi-ssage  of  i\xz /aradic  current,  but  when  the  galvanic  current 
is  used  quickly  relaxes  after  the  iint  ahock.  Wlien,  however,  the  inles- 
tines,  the  stomach,  the  <x50|>hagus  snd  other  parts  which  are  composed 
odni'oiuntary  muscnlir  fihre,  are  subjected  lo  the  electric  current,  move- 
ments arc  not  induced  in  thcra  utiiU  a  certain  time  after  the  tissue  has  been 
acted  uf^n.  The  msvemfnts  thus  exeited  continue  for  a  time  after  the  ees* 
sa/icn  of  the  current,  an  J  dt>  not,  as  in  the  ease  ff  vcfluntary  tnuse/es,  at 
onte  return  to  their  normal  ecndUiou. 

Iris. — Faradization  of  the  iris,  with  a  very  gentle  current  in  a  room 
that  is  moderately  darkened,  causes  It  to  be  constricted  or  dilated,  ac- 
cording to  the  position  of  the  electrodes. 

Stomach. — FaradiiatioD  or  galvanixation  of  the  stomach  cause*  gra- 
dual shortening  of  the  transverse  and  longitudinal  fibres  in  the  direc- 
tion froi]]  the  cardiac  to  the  pyloric  orifice.  Dr.  Rockwell,  in  the  treat- 
ment of  paralysis  of  the  cesopliagus  associated  with  a  sort  of  atony  of 
the  stomach,  has  frequently  had  occasion  to  observe  the  readiness  with 
which  this  phenomenon  is  demonstrated  in  the  living  .man  by  applica* 
tions  directly  to  the  mucous  surfaces  of  the  parts. 

Intestines.— It  tne\y  pointed  electrodes  or  needles,  connected  lilher 
with  a  faradic  or  galvanic  apiiaratus,  be  applied  to  the  intestine  of 
a  living  or  recently  killed  animal,  steady  and  (inn  contraction  takes 
place  at  the  points  where  the  electrodes  are  applied.  Under  a 
mild  current  the  contraction  is  slow,  steady,  and  gradual.  The  intes- 
tines are  drawn  up  after  the  manner  of  a  woman's  work-bag.  'ITiis 
contraction,  tliough  most  marked  just  at  the  point  where  the  needles 
touch  the  intestines,  is  also  observed  a  little  distance  between  and  on 
the  outer  side  of  the  needles.  Under  strong  currents  this  constriction 
takes  place  very  rapidly,  and  goes  on  until  the  calibre  of  the  imcstincs 
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k  nearly  closed.  When  the  electrodes  are  removed  t)iis  constriction 
slowly  disappears.  These  vhenoincna  arc  seen  both  in  the  large  and 
small  inte&tinesand  in  the  rectum.  The  duodenum  responds  most  read- 
ily, the  rectum  and  colon  less  so.  These  phenomena  are  more  or  less 
modified  by  the  condition  of  the  animal,  whether  living  or  dead,  and 
whether  recently  or  long  killed.  This  fact  of  electro-physiology,  which 
has  been  frequently  demonstrated  on  animals,  is  very  suggestive  in  a 
practical  point  of  view.  The  value  of  electricity  in  constipation  is,  in 
view  of  these  observations,  partially  explained. 

Spteen. — \Vhca  ihc  spleen  of  certain  animals,  h'ving  or  recently  Icilled, 
as  the  dog,  is  submitted  to  the  action  of  a  tolerably  strong  current, 
either  fitradic  or  galvanic,  a  visible  drawing  and  contraction  throng* 
out  the  entire  extent  of  the  organ,  not  only  where  the  electrodes  are 
applied,  but  bctwircn  them  and  beyond  ihcm,  in  every  direction,  there  is 
DuniTest  sluiuking  of  the  tissues,  with  change  of  color.  'Ilus  fact,  which 
has  been  disputed  by  some  physiologists,  we  hare  demonstrated  in  a  vari- 
ety of  experiments.  The  phenomenon  is  not  so  noticeable  in  the 
spleen  of  the  rabbit  as  in  that  of  a  dog,  and  in  order  that  it  may 
occur  rapidly  and  be  easily  seen,  the  current  used  must  be  of  consider* 
able  strength.  The  shortening  and  discoloration  of  the  spleen  under 
electrization  appears  to  be  more  or  less  permanent.  This  physio- 
logical fact  suggests  the  query,  whctlicr  the  enlarged  spleen  of  inter* 
miltent  fever  might  not  be  treated  by  electricity. 

Bladder. — When  the  fillc<l  or  emptied  bladder  of  a  living  or  recently 
l(illc<!  animal  is  acted  on  by  cilher  current,  of  moderate  strength,  a 
triable  drawing  and  contraction  take  place  in  various  directions.  The 
tissue  becomes  firmer  and  harder,  the  cavity  diminishes,  and  if  it  con- 
tain.'^ urine  a  portion  of  it  is  expelled  This  electro-physiological  fact 
is  utilised  in  cases  of  paresis  and  paralysis  of  the  bladder. 

OTerur. — The  uterus  of  animals  and  of  the  human  being  contracts 
after  the  maimer  of  the  intestines^  btaxldcr,  and  other  involuntary  muscles. 
Wluitcver  pole  is  used,  or  in  whatever  direction  the  current  be  applied, 
contraction  takes  place  wh<-ncvcr  the  current  is  applic<1,  whether  the 
uterus  is  or  is  not  in  a  gravid  condition.  Hoth  faradization  and  galvani- 
cation  have  this  slow  contracting  influence  on  the  uterus. 

In  the  chapter  on  Diseases  of  Women,  the  very  interesting  and  im- 
poitaot  practical  applications  of  this  physiological  fact  will  be  pointed 
out  in  detail.  It  a])plies  especially  to  the  electrical  treatment  of  me> 
tritis  artd  uterine  engorgements. 

K-rf^/.^The  ureters  are  constricted  and  shortened  by  electrization, 
and  as  in  the  case  of  the  uterus,  the  intestines,  and  the  spleen,  the  con> 
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tractions  take  plice,  according  to  the  law  of  their  phpiological  actioit, 
from  the  kidneys  toward  the  bladder,  and  the  contractions  continue  aftei 
the  electrodes  are  removed. 

Vat  Defer  ens.,  EpididymuSt  and  Tunica  Vaginalis. — Wlien  the  electric 
current  is  ap;>licd  to  the  vas  deferens,  the  epididynitis,  or  Uie  scrotum, 
they  likewise  contract  after  the  manner  of  the  intestines,  uterus,  and  SO 
fottb.  The  scrotum  contracts  rapidly,  almost  instantaneously,  under  a 
strong  current,  and  remains  contracted  for  some  time,  as  we  have 
demonstrated  on  rabbits  and  dogs,  and  on  the  living  hnman  being. 

Gall-hladder. — When  a  current  of  considerable  strength  is  applied  to 
the  gall-bladder  by  pointe<I  electrodes,  constriction  takes  place  at  the 
points  of  applicati&ii,  and  the  whole  bladder  lends  to  contract,  and, 
like  the  urinary  bladder,  to  discharge  Us  contents.  It  ii>  not  tinposstble 
that  a  powerful  current  sent  through  the  liver  of  the  living  subject, 
by  external  applications,  may  cause  contraction  of  the  gall-bladder ; 
and  in  this  way  wc  may  in  part  explain  the  value  of  electrical  treat- 
ment in  jaundice. 

(Esophagus. — In  rcKlciits  the  ccsophagns  consists  of  striped  muscle 
only  ;  in  birds  it  consists  of  unsiriped  muscle,  and  :n  man  of  a  com- 
bination of  both  striped  and  UDStripcd  muscle.  Both  sets  of  fibres, 
longitudinal  and  circular,  contract  under  the  current,  iK>t  only  at  the 
points  where  ihc  electrodes  arc  applied,  but  through  the  whole  length 
downward  toward  the  stomach.  In  the  treatment  of  dysphagia  this 
fact  may  wcU  be  considered. 

/r<*fl/-/.— The  effect  of  electrization  of  the  pnenmi^stnc  and  other 
nerves  that  supply  the  heart  has  already  been  considered.  The  effect 
of  direct  electrization  of  the  tissue  of  the  heart  itself  is  not  witliout 
ioteresL  Galvanisation,  with  currents  of  moderate  strength,  of  the 
heart  of  an  animal  that  h9.%  stopped  beating,  may  cause  a  return  of  its 
rhythmical  action.  It  has  been  sometimes  observed  that  the  contrac 
tions  return  more  vigorously  in  the  right  than  in  the  left  side.  Accord- 
ing  to  otn*  oI>scrvatiDn,  in  the  hearts  of  dogs  and  rabbits  much  depends 
on  the  strength  of  the  current  used.  If  a  strong  current  were  directed 
through  pointed  electrodes  tu  the  substance  of  a  heart  of  a  dying 
animal,  tlie  pulsations  are  in  part  arrested,  but  they  recur  as  soon  as 
this  current  is  broken.  These  conclusions  are  based  on  a  large  number 
of  observations.  When  the  heart  has  fully  stopped  it  may  be  restored 
Sy  a  weak  current,  and  again  arrested  by  a  strong  current. 

Blood  Ttssils.^T^c  small  arteries  that  contain  considerable  unstriped 

<^:lc  contract  under  the  current,  after  the  manner  of  ilie  intestines; 
is,  the  contraction  does  not  appear  instantaneously,  but  a  Ultle 


INVOLUNTARY  MUSCLES— EXPERIMENTS. 


]6l 


tunc  after  the  needles  are  applied  it  goes  on  slowly,  and  ailer  the 
needles  are  removed  ihcy  gradually  return  to  their  normal  condition.  lo 
the  larger  arteries  this  contraction  is  not  so  marked. 

It  Drill  be  observed  that  electricity  acts  on  unstriped  muscular  fibre, 
in  this  rcs|]cct  at  least,  very  much  like  erguL  The  power  of  ergot  to 
constringe  the  blood-vessels  is  Uie  explanation  of  its  great  value  as  a 
remedy  in  spinal  and  cerebral  congestion.  The  efficacy  of  electrization 
in  the  same  afifectiuns,  as  well  as  in  sprains  and  various  local  infiamma- 
tions,  may  be  in  part  explained  by  the  same  theory.  This  subject  will 
be  discnsscd  in  the  chapters  devoted  to  the  Influence  of  Electricity  on 
Nutrition  and  Spinal  Congestion. 

The  above  conclusions  arc  based  largely  on  our  own  experiments, 
although  many  of  the  observations  had  been  previously  made  by  various 
physiologists. 

There  were,  however,  cert^UQ  queries  m  regard  to  the  differential 
action  of  the  poles,  and  of  the  two  currents,  and  of  weak  and  strung, 
on  involuntary  muscle,  that  had  not  been  answered.  These  queries 
have  aimed  to  solve  by  a  large  number  of  experiments  on  animals. 
The  records  of  one  set  of  these  experiments,  noted  at  the  time  by  our 
firiend  Dr.  John  Van  Bibber,  of  Baltimore,  are  herewith  presented.  Il 
will  be  observed  that  the  chemical  and  other  effects  of  tlie  current, 
besides  the  contracting  influence,  are  ngted. 

Experiment  i. — The  abdominal  cavity  of  a  good-siited  rabbit  was 
opened,  and  a  medium  faradic  current,  with  needle  electrodes,  was 
applied  to  the  upper  part  of  the  small  intestines.  Contraction  produced 
most  vigorous  at  the  posirivc.  A  vcmiicular  motion  was  also  observed  not 
only  in  the  part  within  the  circuit,  but  extending  some  distance  beyond 
eadi  pole.  The  rabbit  was  fully  under  ether,  and  tlie  only  other  mus- 
cular movements  weie  cardiac  and  respiratory.  The  color  of  intes- 
tines was  normal  and  healthy,  and  was  undiiiturbcd  during  this  operation. 

Experiment  2. — .\  galvanic  current,  sixteen  cells,  was  now  applied, 
with  needle  electrodes,  a  little  below  point  of  first  experiment.  There 
was  an  immediate  change  in  the  circulation  of  the  part.  It  became 
darker  and  venous  in  its  8pj>enrance,  presenting  the  appearance  of  a 
clot.  The  intestines,  before  so  flaccid  as  to  render  the  insertion  of  a 
needle  diflicult,  became  very  fuU  and  hard.  The  negative  pole  was 
loose  in  the  tissues,  with  bubbles  of  hydrogen  generated  around  it,  and, 
on  the  other  hand,  the  positive  pole  became  very  firm  in  its  inseition, 
with  evident  constriction  of  muscular  fibre  around  it. 

The  first  effect,  therefore,  seemed  to  be  congestion,  and  afterward, 

coa^lation. 

It 
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Experimtnt  $. — On  stomach,  with  galvanic  current,  sixteen  cells.. 
Id  region  of  po^tive  pole  the  circular  fibres  arc  much  contracted,  and 
ilie  same  disintegrating  effects  of  negative  pole  were  observed. 

Experiment  4. — Faradic  cuircnl  on  large  intestine.  Contraction  of 
muscular  fibres  was  observed,  and  thought  to  be  greater  at  positive 
pole. 

Experiment  5. — Faiadic  current  on  spleen.  The  smooth  surface  of 
that  organ  was  soon  corrugated,  tending  to  show  that  the  tissues  were 
contracting  under  its  influence. 

Experiment  6. — Galvanic  current  on  spleen.  Generation  of  hydro* 
gen  at  negative  pole,  also  congested  appearance,  and  after  removing 
Utiedle  vcrj'  dark  spot  at  negative  pole. 

Experitnent  7. — Faradic  current  on  bladder.  The  bladder  was  par- 
tiatly  filled  with  urine,  and  when  the  current  was  applied, there  was 
great  and  immediate  contraction  of  muscular  hbrcs  and  expulsion  of 
urine. 

Experiment  S. — On  left  kidney,  faradic  airrcnt.  Muscle  con- 
tracted, and  seemed  to  be  permanently  so,  at  least  during  observation. 

Right  kidney,  galvanic  current.  Same  etfcct  at  negative  pole,  dark 
congested  spot ;  but  during  passage  of  current  the  bladder,  which  had 
been  much  contracted  by  faradic  current,  seemed  to  fill  up. 

Experiment  9. — On  liver.  No  action.  The  rabbit  seemed  to  show 
remarkable  vitality,  and  it  was  necessary  to  renew  ether  very  frequently. 
It  was  determined  then  that  the  electricity  seemed  to  prolong  life,  even 
alter  it  had  been  so  taxed  by  anatomical  mtililation. 

The  conclusions  from  a  large  variety  of  experiments,  of  which  the 
jbove  is  a  fair  illustration,  are  these : 

I.  Both  cuirents^-faradic  and  gal^'anic — cause  an  unstriped  nascle 
to  contract  in  accordance  with  the  law. of  its  physiolt^col  action.  It 
remains  contracted,  and  after  the  breaking  of  the  current  gradually 
returns  to  its  normal  condition. 

a.  The  time  when  the  contraction  begins,  and  the  vigor  with  which 
it  continues,  and  the  rapidity  with  which  it  returns  to  its  normal  condi- 
tion, after  the  breaking  of  the  airrcnt,  varies  with  the  organ  acted  on, 
with  the  strength  of  the  current,  and  with  the  condition  of  the  animal 
acted  on,  whether  living,  dying,  recently  or  long  dead. 

3.  The  positive  pole  has  a  more  powerful  contracting  influence  on 
unstriped  muscles  than  the  negative.  The  differential  action  of  the 
poles  ii  seen  in  both  currents,  but  is  more  decided  with  the  galvanic. 
This  fact  we  were,  we  believe,  the  first  to  discover.  This  (act  of  the 
more  potent  action  of  the  positive  pole  on  unstriped  muscle  is  of  con. 
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siderable  signification  in  the  treatment  of  engorgements  of  the  uteru& 
etc     It  will  be  discussed  in  the  chapter  on  Diseases  of  Women. 

4.  Unstriped  muscles  can  also  be  made  to  contract  by  faradization 
or  galvanization  of  the  nerves  and  nerve-plexuses  that  supply  them — 
indirect  electrization. 

5.  The  behavior  of  the  different  oi^ans  that  are  supplied  with  un- 
striped muscles  under  electrization  depends  on  the  relative  amount  of 
muscle  in  their  tissues.  The  intestines,  the  scrotum,  contract  rapidly 
and  vigorously;  the  spleen  and  arteries  less  perceptibly  and  more  slowly. 

The  liver  and  lungs  do  not  apparently  contract  under  either  current. 
The  electrolytic  action  of  the  current  is  observed  in  these  organs,  as 
in  all  other  tissues. 

6.  The  differential  reaction  of  voluntary  and  involuntary  muscle  tc 
the  current  is  mainly  a  matter  of  degree.  Both  kinds  of  muscle  con- 
tract in  accordance  with  the  law  of  their  physiological  action,  undet 
both  currents,  and  both  return  to  their  normal  condition ;  but  involun- 
tary muscle  returns  very  slowly,  while  voluntary  muscle  returns  rapidly, 
almost  instantaneously.  When  voluntary  muscles  have  become  greatly 
exhausted  through  fatigue  or  death,  they  behave  very  much  like  invol- 
tmtarv  muscles. 


CHAPTER  IX. 

ACnOM    OF   ELECTRICrrr  ON  THE  BLOOD. 

The  actior.  of  tlie  galvanic  current  on  the  blood  is  a  subject  to 
which  we  have  given  at  different  limes  considcraljlc  attention.  BIcod 
coagulates  so  quickly  after  leaving  the  living  body,  that  the  action  ol 
clectricily  upon  i(  can  only  be  studied  with  satisfaction  when  the  elec. 
trodes  arc  placed  within  un  artery  or  vein,  or  In  a  current  of  blood  as 
it  flows  from  the  wounded  blood-vessels  before  the  process  of  coagula- 
tion has  set  in.  We  have  experimented  on  blood  with  the  gal- 
vanic current  in  both  ways. 

When  the  needles  connected  with  the  poles  of  a  galvanic  battery  are 
inserted  into  the  feebly  flowing  blood  of  a  wounded  animal,  elcclroly- 
sis  at  once  takes  place  with  differential  polar  action  of  a  striking  char- 
acier.  At  the  positive  pole  a  small,  firm,  ami  dark  clot  forms,  that 
adheres  closely  to  the  needle,  especially  if  it  be  ateet  that  is  readily  oxi- 
dized. At  the  negative  pole  a  larger,  softer,  lighter,  yellowish  clot 
forms,  with  a  mixture  of  foam  or  froth  from  the  bubbles  of  hydrogen. 

If  the  ctirrcnt  be  strong,  and  the  operation  protracted,  the  positive 
Steel  needle  will  become  either  destroyed  by  oxidization  or  greatly 
reduced  in  size. 

From  the  above  it  will  be  seen  that  the  action  of  electricity  on  the 
blood  is  mainly,  if  not  entirely,  of  a  chemtKal  character — in  a  word, 
e/eeirfflysiSf  Ol  electro-chemical  decomposition.  Goliibew  and  Burdon- 
Sanderson  have  studied  the  effect  of  faradiiation  on  the  blood -coqiusclcs 
under  the  microscope,  and  Rollct  and  Neuman  have  studied  the  same 
under  the  influence  of  the  galvanic  current.  It  has  been  shown  that 
the  red  corpuscles  of  the  blood  are  discolored  by  tlie  alkalies  of  the 
negative  pole,  and  caused  to  shrink  by  the  acids  at  the  positive  pole. 
Under  the  discharges  of  the  Leyden  jar  the  red  corpuscles  change  theii 
shape  and  lose  their  color. 

March  12th  and  J4th,  1S71,  Dr.  Beard  made,  with  Dr.  E,  L.  Keycs, 
a  nutnher  of  experiments  on  dogs,  in  order  to  determine  the  diffcrcn- 
rial  action  of  the  poles  in  producing  a  clot.     One  method  of  ex 
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imenling  was  to  etherize  the  animal,  open  the  abdomen  through 
the  Unca  alba,  and  expose  ihe  aorta,  into  which  needles,  insulated  with 
bard  rubber  up  near  to  their  points,  and  connected  with  both  poles, 
wore  introduced.  In  some  cases  the  artery  was  coustricied,  in  others 
liot.  We  condense  Ihe  record  of  the  experiments  from  the  published 
statements  of  Dr.  Keycs,*  based  mainly  on  notes  made  at  the  time 
by  the  physicians  who  co-operated  with  us. 

ExpERiuENT  I. — March  17th.  A  small  dog  was  etherized,  the 
abdomen  laid  open  through  the  linea  alba,  and  the  aorta  exposed. 
Positive  and  negative  needles,  insulated  (imperfectly)  with  hard  rubber, 
were  introduced  into  the  aorta  about  one  incli  apart.  Both  needles 
were  of  steel,  gold  plated  at  the  points.  The  negative  needle  was  acci- 
dentally nin  through  the  artery,  and  emerged  into  the  muscle  beneatli. 
The  current  from  sixteen  cells  of  a  Stohrcr's  battery  n-as  passed  for  ten 
minutes.  The  artery  was  not  compressed.  Blood  flowed  through  it  at 
great  force. 

ResuU. — Bloody  foam  surrounded  the  negative  needle,  the  blood 
emerging  from  the  artery.  Needle  luo:>e.  It  dropped  out,  the  blood 
followed. 

Positive  needle  adherent  to  artery,  requiring  a  little  force  to  pull  it 
away.  Artery  was  ait,  before  the  needle  was  removed,  to  looTi  for 
doL  No  clot  discovered  in  the  vessel  A  little  black  material  was 
found  adherent  to  the  wall  of  the  artery,  and  to  the  positive  needle  at 
the  point  of  entrance.  The  lining  membrane  of  the  artery  was  altered 
and  discolored,  wherever  either  needle  had  touched  it,  over  a  space 
about  one  and  a  half  line  in  diameter. 

Experiment  IV. — Medimn-sized  dog  etherized.  Positive  needle 
(platinum),  insulated  with  hard  nibbcr,  was  placed  in  the  artery.  Nega- 
tive needle  (platinum).  Insulated  with  siiellac,  in  muscles  near  the  spine. 
Eighteen  cells  Stohrer.  Time,  ten  minutes.  Current  of  blood  about 
lluee-fourths,  arrested  through  the  artery,  by  compression  with  thumb 
and  fingers,  one  inch  above  and  below  the  needle. 

Rtsult. — Firm  black  clot  outside  of  the  vessel  at  point  of  the  eiv 
trance  of  needle,  and  where  the  opposite  wall  was.  touched  by  tlie 
Dcedle's  point.  Inside — timi,  black  clot^  adherent  to  the  wall,  but  not 
large  enough  to  obliterate  the  vesscL 

Lining  membrane  of  artery  blue-black,  and  coats  of -vessel  adherent 
and  condensed  at  point  of  entrance  of  needles,  and  where  opposite  wall 
bad  been  touched.     Needle  not  much  acted  upon.     A  little  tlake  of 


*  pTBCilnl  EUctTo-Thenpeutici,  New  Yoik  Mrdkat  Journal,  December,  iS7r, 


i66 


ELECTRO-PHVSIOLOCV. 


h&rd  rubber  cime  f  R,  and  was  left  attached  to  the  clot.     A  few  bubbles 
of  oxygen  escaped  from  the  vessel  alongside  the  needle. 

ExPERLUEKT  VII. — Positive  needle  gold^  non -insulated.  Nt^dve 
needle  steel,  non-insiilatcd.  Both  in  vesseL  Sixteen  cells.  Time 
ten  minutes. 

JlesuU. — Clot  same  at  the  positive  pole  as  in  Experiment  IV.,  but 
action  on  lining  nierubrane  was  much  less  than  in  that  expenmeot. 
Gas  cscajjcd  at  negative  needle.  No  clot  at  negative  needle.  Artery 
compressed  only  beiow,  circulation  arrested 

Experiment  XI. — Renal  artery  of  dog  was  cut,  and  blood  alloved  to 
How  into  peritoneal  cavity.  As  it  Qowed,  negative  and  positive  steel, 
non-iasulatcil  needles,  connected  with  eighteen  cells,  were  dipped  into 
it.  Action  coninienced  at  once-  A  daik  clot  formed  about  positive 
needle,  and  a  light  foam  around  negative.  At  the  end  of  one  minute, 
at  the  positive  needle,  a  black  clot  had  formed,  a  quarter  of  an  inch  in 
diameter,  dense  enough  to  be  lifted  out  of  the  fluid  on  the  point  of  the 
needle,  and  to  su&Cain  its  own  weight.  At  negative  ncedlu  there  was  a 
spumous  yellow  moss,  whicli  could  be  lifted  in  part  from  the  blood  on 
the  needle's  point,  but  which  had  no  con^stence  whatever. 

The  Dxperiiuciitti  were  continued  with  Dr.  Keyes,  at  the  slaughter- 
house, the  needles  being  placed  in  the  warm  blood,  as  ii  flowed  from 
the  arteries  of  d)nng  animals.  These  experiments  were  performed 
under  great  diflficuUies,  and  at  some  risk  of  being  kicked  by  the  expiring 
bullocks,  and  did  not  therefore  lead  to  any  important  results. 

Kluod  coagulates  so  c^uickly  aflcr  it  leaves  the  body  that  when  wc 
wish  to  determine  the  chemical  action  of  the  electric  current  on  it,  it  is 
necessary  tu  introduce  the  needles  into  the  vessels  of  the  living  animal, 
or  into  the  blood,  just  as  it  i^  flowing  from  the  vessels. 

During  the  ivinterof  1873  Dr.  Beard  made,  with  the  assistance  of  Dr. 
J.  H.  Raymond,  similar  experiments  on  dogs  and  rabbits.  The  animals 
were  etheriEed,  cut  open,  and  the  needles  (platinum)  itiBcrtcd  into 
different  arteries  and  veins.  In  some  cases  also  the  arteries  were  rup- 
tured, and  the  needles  were  introduced  into  the  pool  of  blood  before  it 
had  time  to  coagulate. 

The  conclusions  in  regard  to  the  electro-coagulability  of  the  blood, 
to  which  we  have  been  led  by  these  repeated  experiments  on  animals 
and  OD  men  are  these  : 

t.  Both  poles  of  the  galvanic  current  cause  a  clot  in  blood,  either 
running  in  an  artery  or  vein,  or  freshly  drawn,  and  stationary. 

3.  The  po^tive  clot  is  black,  hard,  aod  small ;  the  negative  clot 
'&  light,  soft,  and  bulky. 
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3.  These  clots  are  the  result  of  the  electrolytic  action  of  the  current, 
with  the  evolution  of  oxygen  and  hydrogen,  of  acids  and  alkalies  and 
their  subsequent  combinations. 

4.  The  largest  clot  and  most  satisfactory  observation  in  an  artery  is 
caused  when  hoth/oies  are  placed  within  the  blood-vessel  and  near  to- 
gether. The  reason  of  this  is,  that  when  the  poles  are  near  together  in 
the  blood,  the  resistance  is  very  much  less  than  when  one  of  the  poles 
is  CD  the  surface. 

5.  In  order  to  produce  a  firm  clot  of  sufficient  size  to  obstruct  a 
large  artery,  strong  currents — from  30  to  40  cells — are  required,  and 
quite  protracted  siances.  The  process  of  coagulation  under  the  cur 
rent  is  comparatively  a  slow  one. 

6.  Electro-coagulation  in  a  blood-vessel  is  aided  by  any  compressioa 
that  impedes  the  rapidity  of  the  flow  of  the  blood  The  slower  the  cur- 
rent runs,  the  more  rapid  and  firm  the  coagulation.     Small  and  recent 

Uots,  especially  those  connected  with  the  negative  pole,  may  possibly 
be  washed  off.  The  practical  bearings  of  these  conclusions  on  the 
electrical  treatment  of  aneurisms  will  appear  in  the  section  on  Electro- 
Surgery. 


CHAPTER  Z. 
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The  chief  coosrilucnt  in  the  human  body  is  water,  which  is  about 
three-fourths  of  its  average  weight.*  The  saline  constituents  which  the 
water  holds  in  solution  vary  in  quantity  and  quality  in  the  different 
tissues  and  the  different  parts  and  organs  of  the  body. 

The  conductibility  of  the  body,  as  a  whole,  may  be  best  understood 
fay  regarding  it  as  a  mass  of  water  aod  salioe  iogtedicDts,  with  solid 
tissue  interspersed.  The  degree  of  resistance  to  the  current  that  differ- 
ent [Mirls  of  the  body  offer  will  therefore  depend  on  their  structure. 
Those  parts  which,  like  the  bones  and  e])iderrais,  contain  little  water, 
will  offer  a  much  greater  resistance,  and  be  poorer  conductors,  than 
those  parts  which,  like  the  muscles,  nerves  and  tendons,  and  carti- 
lages, contaiu  a  large  i^ercentage  of  water.  Soft  parts,  like  the  stomach, 
intestines,  and  mucous  membranes  in  general,  offer  comparatively 
little  resistance,  because  they  contain  so  large  a  percentage  of  saline 
solutions.  Saline  solutions  conduct  better  than  simple  water,  and 
wann  saline  solutions  conduct  better  than  those  which  are  cold. 

The  human  body,  as  a  whole,  conducts  electricity  fifteen  to  twenty 
times  better  tlian  pure  cold  water,  provided  the  &kin  is  thoroughly  moist- 
ened. It  owes  this  superior  cunductibility  to  the  warm  saline  solutions 
which  it  contains.  According  to  recent  experiments  by  RichardsoOf 
the  blood  is  the  best  conducting  material  of  tlie  body. 

Fereentage  of  Water  in  the  7'issutt. — To  ascertain  the  relative  pro- 
portion of  water  in  the  different  tissues  of  the  body  is  a  snbject  that 
has  occupied  a  number  of  observers.  The  results  of  the  different  inves- 
tigations do  not  agree  mathematically,  for  the  reason,  partly,  that  indi- 
viduats  differ  in  the  water-holding  capacity  of  their  tissues,  as  in  all 
other  respects. 

Tlic  following  table  f  gives  at  a  glance  the  results  of  the  different 
investigators  : 

*  Perelra,  FoeJ  and  Diet,  Am.  cd.,  p.  39. 

■f  Zicmwm,  Die  EltetrifitUl  tti  ^er  Mtdiein,  vtene  guu  ningeftrbeitcte  AnflAfe. 
Erttc  Hilirte,  p.  18.     1S73. 
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FERCENTACE  OF  WATER  IM  THE  TISSUES  OF  TUB  HUUAK  BODY. 


Blood. 


Guy  suiter  oE  the  bciio. . 


White 


Gny  matter  of  apinal  oord. 


White 


Nerv«  mtWr. 


Adulu. 

8ft5 
(E.  Biichoff) 

Ss-o  ' 

730 

CU  Hfirit)    I   70.8     . 
65.0        f  (lUitlu) 
(Von  I3ibr»)J 


,    77.3     . 
(Raake) 


77-0 
(Ruke) 

Muck 8i.2-.'HS 

(Raiike) 

lim 76.1  .   . 

(Von  Bibra) 
70.4  ... 
<SchulUc) 

S0.9  . . . 
(Rmnke) 

75.8.... 


(Von  Bibn.) 


Ebatic  tiiauc 
Falty 


SS-O 

CBhcboffj 

8S.6 
(Biscfcafi) 


Si.S 
(UiKhotl} 

64-5 
(VonMir^ 

87.8 
(BicchoS) 

82.5 
(Oidiuanii) 


(come* 

Comecthv  lisne-J  ikin <Hi3) 

{ifdrrAant 57.5. 

(WicnhijH] 

Bancs — oi  Mrieul  t4-t6 

(FricdLcbcn) 


79. 1-... 

(Kaake) 


18-M 

(Fiicdlcbea) 


An  eramination  of  the  above  lalile  shows  clearly  these  two  facts : 

I.  The  percentage  of  water  in  the  different  tissues  of  the  human 
body,  excepting  the  skin  and  bones,  is  almost  uniform — ranging  be- 
tween  70  and  90.  The  percentage  of  water  in  the  skio  is  alnioBt  two- 
thirds  as  gicat  as  in  the  brain,  s|>inal  con],  and  nerves.  In  the  bones 
the  perc«ntag«  of  water  is  otU'fiftk  that  of  the  soft  tissties. 

a.  There  appears  to  be  more  water  in  the  tissues  of  new-born  diil> 
dren  than  in  adults.     The  difference,  however,  is  but  trifling. 

Investigations  of  a  similar  diaractcr  have  been  made  on  the  tissues  of 
oxen,  dogs,  frogs,  cats,  hares,  and  rabbits  ;  the  results  do  not  differ  mate- 
rially from  those  obtained  on  the  tissues  of  human  beings. 

Compared  witii  a  number  of  metallic  substances,  the  human  body 
is  ail  exceedingly  poor  conductor.  Thus  it  has  been  estimated  that 
copper  is  several  thousand  million  times  a  better  conductor  than  the 
human  body. 

Dr.  C.  B.  Radcliffe  made  three  experiments,  in  which  he  measured  the 
resistance  of  nerve,  tendon,  and  muscle,  as  nearly  of  the  same  shape 
and  size  as  possible.  Tiie  pieces  were  taken  from  the  sciatic  nerve, 
the  tendo-Achillis,  and  the  adductor  longus  of  a  recently  killed  rabbit. 
He  found  the  mean  resistance  of  one  inch  of  the  sciatic  nerve  to  be 


i70 


ELECTRO-PH  VSIOLOC  V. 


40,000  units  (sec  i>.  66) — (Jul  is,  about  ciglil  limes  the  reustancc  oT  the 
Atlantic  cable ;  of  the  tendoo,  jS,ooo  units ;  and  of  the  muscle,  1 3,000 
unite* 

Bants  and  Skin  poor  Conductors. — It  ^ould  never  be  forgotten  that 
the  epidermis,  in  a  dry  state,  is  a  poor  conductor.  In  practice  chu 
resistance  of  the  ci>idernib  is  overcome  by  tiioroughly  moistening  it. 
The  hair  and  nails  are  aJso  poorconductois.  In  muking  applications  to 
the  top  of  the  head  it  is  necessary  lo  thorougbijr  moisten  Che  hair.  The 
booes  contain  Icjis  water  than  tijc  sofl  parts,  and  arc  consequent!}'  poorer 
conductors.  Soft  parts  which  are  thus  enclosed  in  a  bony  covering  are 
less  powerfully  affected  than  soft  parts  which  arc  not  so  enclosed. 

The  Current  tends  to  take  the  shortest  IVay  between  the  Kieetrodes. — 
The  electric  current  always  takes  the  shortest  and  most  direct  course 
Irom  one  pole  to  the  other,  provided  the  media  iQter\'eniug  between  the 
electrodes  is  of  a  uoiforw  conduct  Ibility.  When,  therefore,  the  ]}ositive 
electrode  is  applied  to  one  part  of  the  body,  and  the  negative  to  tlie 
other,  the  current  wouLd  diffuse  itself  uniformly  between  the  poles, 
provided  the  structures  of  the  body  between  tlicm  were  uniform.  But, 
aa  has  been  seen,  the  different  parts  of  the  body  var^'  widely  in  regard 
to  their  conductibility, — those  which  cuntain  a  large  quautily  of  saline 
solutions  being  good  condiicton>,  and,  vice  versd,  chose  which  contain 
a  small  quantity  being  poc«  conductors, — the  difference  of  conductibility 
between  muscle  and  bone  being  nearly  twenty  to  one. 

The  current  does  not  affect  all  i>arts  alike.  The  extent  to  which  any 
part  is  directly  reached,  when  the  current  is  applied  over  the  surface, 
will  depend  butli  un  its  structure  and  its  situation. 

^ofc  parts,  wliich  contaia  a  large  amount  of  water,  like  the  brain, 
spinal  cord,  and  abdominal  viscera,  arc  good  conductors,  and  unless 
their  situaCioD  is  unfavorable,  tliey  are  directly  and  powerfully  affected 
by  the  current,  when  applied  to  the  surface  by  means  of  moist  conduct- 
ors. On  \X\c  udicr  hand,  bone,  which  contains  a  much  less  percentage 
of  water  than  the  muscles  and  soft  parts,  is  comparatively  a  poor  con- 
ductor.  Accordingly,  soft  parts  which  are  partially  or  entirely  enclosed 
by  bone  aie  much  less  readily  affected  by  external  applications  than 
would  be  the  case  if  they  were  exposed. 

Another  legitimate  inference  from  the  accepted  theories  of  the  nature 
of  eleciridly,  ood  from  what  we  know  of  the  relative  conduciivity  of 
the  different  tissues  of  the  body  is,  that  when  electrodes  are  pUiced  on 
the  surface  of  the  body  the  current  move»  between  them  in  a  kind  of 
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undulalive  or  wave-like  manner,  extending  on  boUi  sUlcs  of  the  median 
line  between  Uiein  for  a  considerable  distance. 

That  these  theories,  in  regard  to  the  electro-conductivity  of  the  body, 
are  sound,  is  pro*'cd  in  three  ways : 

I.  By  experiment  on  the  living  subject 

z.  By  direct  e^tjierinient  with  the  goli'anoscopic  &og  and  reflecting 
galvanometer  on  die  dead  subject. 

3.  By  the  evidence  of  pathological  cases. 

That  Uic  tendency  of  electricity  is  to  take  the  shortest  road  between 
the  electrodes,  is  proved  by  the  following  experiment :  The  two  forc- 
ann»  are  crossed  so  that  they  touch  carh  other  a  Utile  distance  above 
the  wrist.  Placing  now  one  electrode  on  the  outer  surface  of  each  arm, 
and  letting  the  galvanic  current  run,  a  feeling  of  heat  and  pricking  is 
felt,  not  only  beneath  the  electrodes,  but  also,  to  a  less  degree,  at  the 
jhVar  surf  acts  »f  tht  Jertarnu  where  they  touch  each  other.  On  remov- 
il^  the  clectrodex  it  is  observed  thai  not  only  the  spots  beneath  the 
electrodes,  but  also  the  spots  where  the  arms  touched,  have  become 
reddened. 

This  shows  that  a  portion  of  the  current  takes  the  shortest  way  from 
one  electrode  to  the  other,  aldiough  that  road  lies  through  two  layers 
of  epidermis,  which  is  a  very  bad  conductor. 

.\  portion  of  the  current,  in  this  experiment,  goes  up  the  arm,  across 
the  body,  and  down  the  other  arm. 

In  order  to  ascertain  what  proporrion  of  the  current  took  the  route 
acnw*  the  amis.  Ziemssen*  made  the  following  experiment:  Fittling 
one  Gsreanu  over  the  other,  as  iu  Krb's  experiment,  he  placed  between 
tbem  two  plates  of  zinc,  connected  with  a  delicate  reBecting  galvanom* 
cter  (sec  Electro-Physics,  page  41).  The  result  of  the  experiment,  when 
2o  elements  were  directed  across  the  arms,  was  a  deflection  of  the 
needle  36.3".  The  same  arrangement  made  on  the  dead  body  gave, 
with  10  elements,  adellection  of  S.5*' ;  <n-ith  15  elements,  a  deflection  of 
>9-7°  ;  v'ith  30  elements,  38.3°.  On  separating  the  forearm,  so  that 
the  whole  current  must  nin  around  Uimugh  the  arms  and  body,  he 
found  that  i\-it]i  10  elements  there  was  a  deflection  of  iS-q";  with  1$ 
elements,  a  deflecrion  of  31. 7** ;  with  30  elements,  a  deflection  of  48.5^. 
The  conclusion  was  that  in  eadi  experiment  oneJialf  of  the  ciinent 
went  across  through  the  forearms,  and  the  ether  half  up  ajid  down  the 
arms  and  through  the  body. 

£vidtiut  of  Fathoiogicai  Cases. — When  the  spinal  cord  i<  in  a  condi- 
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lion  of  health,  a  powerful  current  may  be  applied  down  the  back  with> 
out  discomrort;  but  in  cases  of  myelitis,  spinal  congestion,  and  oclici 
morbid  states,  very  marked  and  peculiar  symptoms  are  sometimes  ob- 
served. We  have  seen  a  case  of  myelitis  when  even  a  very  mild  fornilic 
current  over  tlie  !>i>iuet  near  the  supposed  seat  of  the  disease,  caused 
Eevcre  pain  in  the  right  leg  that  cgntinued  for  several  hours.  Such  a 
phenomenon  is  never  observed  in  health.  The  fact  that  it  does  occur, 
especially  when  |]ie  electrodes  are  not  placed  near  any  prominent 
nerves,  shows  very  clearly  that  the  current  affects  the  spinal  cord  in  a 
luore  direct  way  than  by  mere  reflex  action.  , 

The  sensations  of  the  patient,  and  the  results  of  treatment,  also  show 
that  the  stomach,  liver,  spleen,  tntestines,  and  the  genital  organs  in 
both  sexes,  are  traversed  by  the  current  in  external  apjilications  of  either 
current. 

Exptrimenis  on  Dead  Subject  with  a  Freg  Preparaticn. — Erb  opened 
the  skull  of  a  dead  body,  took  out  the  brain,  and  covered  the  out- 
side of  the  skull  with  pieces  of  muscle  about  three-quarters  of  an 
inch  thick.  Over  the  iniiscic  pieces  of  skin  were  placed,  and  over 
the  skin  the  electrodes.  The  skull  was  then  tilled  with  the  brain,  in 
such  a  way  as  to  avoid  any  direct  connection  with  the  muscle.  The 
skull  was  thoroughly  dried,  and  a  prepared  frog  placed  on  the  cerebral 
matter.  A  very  gentle  current  was  then  let  on,  and  both  on  opening 
and  closing  the  frog  contracted  energetically,  showing  that  a  portion  of 
the  electricity  at  least  passed  through  the  brain.  Branch  currents  may 
also  have  gone  around  through  the  layer  of  muscular  tissue  ;  but  the 
important  point,  that  some  of  the  electricity  took  the  short  way  direct 
through  the  skull  and  brain,  was  in  this  experiment  conclusively  shown. 

The  same  experiment  with  the  faradic  current  showed  the  same 
result. 

Similar  experiments  on  the  spinal  cord  showed  that  the  current  pene- 
trated Ihe  vertebrae  as  readily  as  through  the  skull. 

Actual  Experiment  with  a  Refi/ciing  Galvanometer. — ^The  evidences 
already  given  are  sufficient,  with  corroboration,  to  establish  the  fact, 
that  the  electricity,  when  applied  to  the  surface  of  die  body,  goes 
through  the  tissues  lying  between  the  electrodes,  and  that  all  the  in- 
ternal oT;j;ans  may  be  thus  acted  on  by  the  current.  The  mathematical 
demonstrations  of  this  fact  that  have  been  recently  made  by  Kurchardt, 
and  after  him  by  Ziemssen,  are,  however,  none  the  less  interesting. 
Ziemssen's  method  of  investigation  was  to  insert  two  platinum  needles, 
insulated  to  their  points  into  the  organ  to  be  experimenied  on,  as  the 
brain,  spinal  cord,  sympathetic,  lungs,  liver,  etc.,  and  connect  them  with 
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2  delicate  Wiedtnann's  refleciing  galvanometer,  while  the  electrodes  of 
B  g&l%-anic  battery  of  from  i  to  50  elements  were  applied  extn-neUIy,  id 
sucb  a  W3)-  Lh.iC  the  cuiTent,  io  passing  torn  one  to  the  other,  niu&l 
[pa&s  ihrwigh  the  place  where  the  points  of  the  ticedlca  were  inserted. 
!se  expcrimcfiM  were  performed  on  the  dead  subject,  and  on  ani- 
lals,  living  and  dead.  Unpolari^able  needles  ( Electro- Phj-si«,  p.  31J 
rere  iisetl.  The  body,  or  part  to  be  examined,  was  isolated  on  wood 
or  glass.     By  these  means  he  easily  demonstrated  these  two  facts : 

I .  Thai  all  the  iniernal parts  and  organs  e/the  body  can  be  traverseit 
hy  derived  citrrgiiJs  {^eti  page  39)  '.uhat  tkt  tltetrodts  eonntetsd  ■with 
a  gahaaie  battery  are  properly  placed  on  the  skin. 

When  the  electrodes  arc  placed  on  the  head,  derived  currents  pasj 
through  the  brain.  When  the  electrodes  are  placed  on  the  spine,  de> 
rived  currents  pass  through  the  cord.  In  the  sanie  way  it  was  demon. 
•trated  that  the  sympathetic,  heart,  lungs,  liver,  isplcen,  intestines,  and 
bladder  were  traversed  by  derived  currents  when  llie  electiodes  were 
■pplicd  respectively  to  the  neck,  thorax,  and  abdomen.  Similarly  also 
™e  nerve-plexuses  and  great  veins  were  shown  to  be  traversed  by  cur- 
rents when  external  applications  were  made. 

3.  The  derived  currfiils  mere  usually  most  powerful-,  thai  is,  the 
greaiest  quantity  of  electricity  passed  in  a  direct  line,  between  the  elec- 
trodes. 

When  the  eod*  of  the  unpolarizable  needles  were  removed  from  one 
another,  near  the  central  line,  the  needles  showed  less  and  less  deflec- 
■tion,  proving  that  the  derived  Currents  were  weaker.  To  this  genera! 
llv  there  are,  however,  exceptions.  The  current  which  contains  a  very 
targe  percentage  of  water  conducts  electricity  better  than  other  neigh- 
boring parts,  even  when  out  of  the  axis  of  the  curve. 

3.  The  derived  currents  can  be  sent  through  the  internal  parts  in  any 
direction,  end  increase  in  strength  with  increase  in  the  strength  of  tht 
principal  current. 

When  the  principal  current  is  reversed,  the  derived  airrenls  will  be 
reversed  also.     In  one  experiment,  on  the  dead  body  of  a  young 
uOiaa,  the  electrodes  of  the  princJiial  current  were  placed  behind  the 
lean.       Two  holes  were  made  in  the  parietal  bones,  in  the  track  be- 
tween the  electrodes,  and  two  other  holes  were  made,  about  six  centi- 
metres farther  forward,  and  about  eight  centimetres  froni  each  other. 
Id  the  holes  made  through  the  bones  into  the  brain  were  placed  the 
. Iinpolarizable    needles   connected  with    the  reflecting    galvanoinclcr. 
Two  needles  were  also  in  the  tubercula  quadrigeniina.    The  results  of 
the  observations  are  contsdned  in  the  following  table  : 
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la  the  above  observation,  which  may  be  regarded  a£  a  crucial  and 
convincing  one,  these  three  points  are  distinctly  proved  : 

First,  That  the  cuiTcnt  posses  from  one  electrode  to  the  other 
through  bone  and  brain. 

Second.,  That  most  of  the  derived  currents  take  the  direct  route  in  tl'iA 
axis  between  the  electrodes,  and  tliat  tlie  suength  of  the  derived  currents, 
the  conductivity  of  the  parts  being  the  same,  diminishes  in  proportion 
to  their  distances  from  llic  axis. 

TTtird,  That  the  tubcrcula  quadrigcraina,  by  virtue  of  their  fluid 
structure,  conduct  electricity  belter  than  the  after  parts  of  the  brain. 

Fourth,  That  the  strength  of  the  currents  sent  through  the  body  is 
proportioned  with  considerable  exactness  to  the  strength  of  the  current 
employed  in  the  application. 

Tile  laws  of  conductivity  of  the  body,  as  here  demonstrated  in  the 
brain,  have  also  been  similarly  demonstrated  in  the  spinal  cord  and  in 
all  the  organs  of  the  thorax  and  abdomen. 

The  grand  conclusion  from  all  these  experiments,  and  from  clinical 
experience,  is  that  t/u  eUctro-conduetivity  of  the  human  body  is  lo  b* 
explained,  mainly,  by  the  ordinary  physical  laws  of  electro-conducHonf 
and  only  tif  a  very  limited  extent  by  physiology. 

Physiology  and  pathology  may  come  in  to  modify,  to  a  slight  extent, 
the  conductivity  of  the  body ;  for,  as  we  have  seen,  individuals  differ  ia 

their  conductivity.  Increase  in  the  quantity  of  blood  or  salts  in  the  body 

increases  the  conductivit)',  and  ditninurion  of  blood  or  of  the  salts,  *>^^| 
lakes  place  in  some  diseases,  diminishes  the  conductivity.  But  all^^^ 
these  varying  factors  have  caused  only  a  very  slight  petturbatioQ  of  the 
physical  laws  of  electrtxonductivity. 

There  is  some  ditfcrcncc  in  the  conductivity  of  the  living  and  dead 
body,  but  this  difference  can  mostly  be  explained  by /Avju'o/ principles. 
It  may  well  be  questioned  whether  the  principle  of  life,  whatever  that 
may  be,  exerts  any  very  important  influence  on  electro-conductivity. 
Burchardt  found  that  when  more  saline  solutions  were  injected  into  the 
dead  body  the  electro-conductivity  was  increased.     This  is  just  what 
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wc  should  expect  on  phyncal  principles,  because  warm  saline  solutions 
are  good  conduciors  of  electricity  in  the  body  or  otit  of  it. 

According  lo  Ranfcc,  living  muscle  conducts  nmcli  worse  than  dead 
muscle,  the  proportion  being  as  loo  to  56.  I-iving  muscle  conducts 
115,000,000  limes,  and  dead  muscle  64,400,000  times  worse  than 
copper.  Dead  muscle  conducts  better  than  living,  on  account  of  the 
decomposition  and  chemical  changes  th»t  take  place  after  death,  aud 
especially  on  account  of  the  accumulation  of  lactic  acid. 

P.Uclro-condiutiviiy  modified  by  Age  and  Temperament. — Young  peo- 
ple ofier  greater  resistance  than  old  people,  for  the  proliablc  reason  that 
the  tissues  of  the  old  contain  more  of  the  salts  than  those  of  the  young. 
The  hands  of  tho&e  who  labor  with  muscle,  and  whose  epidermis  is 
tlieieby  thickened,  offer  greater  resistance  than  the  hands  of  those  who 
Hve  by  brain  alone.  The  right  hand,  being  more  used  than  the  left, 
has  a  thicker  epidermis,  and  therefore  presents  a  greater  resistance. 

Different  individuals  of  (he  same  age  and  condition  differ  in  their 
condoctivnty  in  a  manner  that  cannot  be  fully  explained.  WTien 
"shocks"  of  a  battler)*,  or  faradic  machine,  or  Lcyden  jar  are  sent 
ihraogh  a  number  of  persons  in  a  row,  some  will  feel  it  slightly,  others 
strongly,  and  perhaps  one  or  more  may  be  almost  if  not  quite  pros- 
trated. This  fact  may  explain  some  of  the  freaks  of  lightning,  for  it 
has  long  been  known  that  when  a  number  of  persons  are  standing  near 
together  some  maybe  struck  down  and  others  unharmed.  Some  Indians 
and  negroes,  it  is  said,  can  take  hold  of  the  electric  eel  without  receiving 
shocks. 

The  same  individual  may  conduct  differently  at  different  times.  As 
die  body  is  perpetually  changing,  as  it  varies  in  its  intimate  constitu- 
tion, not  only  from  year  to  year,  biit  from  d.iy  to  day,  and  from  moment 
to  moment,  it  is  easy  to  understand  why  it  should  vary  in  its  suscep- 
tibility to  electricity,  just  as  it  varies  in  its  susceptibility  to  the  articlea 
of  nrdinaiy  foodi  to  stimulants  and  narcotics,  and  to  internal  mcdh 
cation. 
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It  is  not  a  lillle  surprising  that  electricity  should  have  been  used  .n 
a  therapeutic  agent  for  more  than  a  century  before  it  began  to  be 
recognized  among  scientific  men  as  a  powerful  means  of  aiding  nutri- 
tion. In  1867,  after  a  series  of  prehminary  experiments,  mainly  con- 
ducted by  l>r.  Rockwell,  we  ascertained  that  electri/ation  was  a  /*»«/> 
of  most  remarkable  eJHcacy ;  that  its  permanent  tonic  effects  were,  in- 
deed, far  more  wonderful,  as  well  as  more  valuable,  than  its  primary 
stimulating  effects.  When  we  announced  this  discovery  to  the  pro- 
fession,  in  our  Treatise  on  the  Medical  Use  of  Electricity,  the  statement 
was  received  by  many,  and  especially  by  those  accustomed  to  and 
familiar  with  other  ctectro-ptiysiologital  and  electro- therapeutical  re- 
searches, witti  incredulity  and  surprise. 

The  attention  of  observers  has  been  so  exclusively  directed  to  the 
primary  stimulating  effects  of  electricity,  that  they  have  neglected  to 
pursue  the  subject  fnrthcr,  and  to  study  its  permanent  effects  on  nutrition. 

Tlie  effects  of  the  passage  of  electricity  through  the  body  are  of  a 
fourfold  character : 

t.  Mechanua^ 

2.  Physical. 

3.  Chemuai. 

4.  Physiological. 

Inasmuch  as  the  effect  of  electricity  on  nutritioa  is  a  resultant  of 
all  these  four  orders  of  effects,  it  is  necessary  to  speak  of  each  in 
some  detail. 

The  mechanical,  physical,  and  chemical  effects  of  electricity  on  the 
body  arc  similar  in  character  to  the  same  effects  of  electricitj-  oq  any 
substance  whatever ;  the  fhysiehgieal  effects  arc  those  which  take 
place  in  virtue  of  the  vital  properties  of  the  tissues.  The  mechanical 
effects  of  electricity  on  the  body  are  most  markedly  appreciated  under 
the  faradtc  currenL  The  reason  is  clear  from  the  nature  of  the  faradic 
current.  It  is  a  current  of  alternation,  of  to-andfro  motion,  of  con- 
itaat  closing  and  breaking    (see  Electro-Physics,  p.  54).      When  it 
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|}asses  through  the  body,  even  when  it  produces  no  muscular  contrac- 
lion,  it  acts  very  much  in  the  same  way  as  gentle  tapping,  or  potnd* 
mg,  or  rubbing  on  the  tissues  ;  and  this  gives  passive  exercises  to  all 
the  deeper  tying  as  well  as  the  superficial  tissues.  We  may  belte**e 
that  the  molecules  of  the  ti^tsucs  are  agitated  by  the  passage  of  the 
current,  as  the  particles  of  a  bar  of  iron  are  moved  by  the  influence  of 
magnetization  (see  p.  9},  or  as  bodies  are  expanded  by  heat.  The 
numerous  branch  currents  going  to  and  fro  act  a$  so  many  shuttlecocks, 
keeping  every  atom  in  incessant  dlslurbaiicc.  That  the  5im])lc  process 
of  tapping  on  the  surface  of  the  body,  by  means  of  the  vtbraHoni  that 
it  excites,  has  a  positively  beneficial  effect  in  certain  chronic  affec- 
tions, has  long  been  recognized.  It  is  reasonable  [o  suppose  that  this 
beneficial  eficct  is  in  part  due  to  the  increase  of  cndosmotic  action. 

Physical  Effects. — Hie  physical  effects  of  Uie  passage  of  electricity 
through  the  body  are  htat,  and  the  modification  of  endosmose  and  exos- 
m^st,  and  the  Iransferrence  q{  substances  frsm  ene  pale  Iff  the  other. 

The  heat  excited  in  the  body  by  the  simple  p.-issagc  of  a  weak  cur. 
rent  that  causes  no  muscular  contraction,  is  small;  but  there  is  little 
question  that  heat  is  thus  excited,  although  it  is  difficult  or  impossible 
to  measure  it  by  the  themiometer.  The  main  arguments  in  favor  of 
this  belief  are  (i),  that  ail  conductors  of  electricity  become  heated 
more  or  less  in  proportion  to  their  resistance — the  body  offers  great 
resistance,  and  more  or  less  of  the  electric  force  must  be  converted 
into  heat ;  and  (2),  powerful  currents,  cither  galvanic  or  faradic, 
even  when  not  used  so  as  to  excite  muscular  contractions,  cause  in- 
crease of  heat  in  the  track  of  its  patisage,  so  marked  as  to  be  ca^ly 
delected  by  the  touch.  No  thermometer  is  necessary  to  show  that  in 
electrolytic  operations,  where  strong  currents  arc  used,  the  tissues  near 
the  needles,  and  between  ihcm,  become  intensely  heated,  so  ihat  to 
rest  the  finger  on  them  almost  causes  pain.  This  fact  we  have  demon- 
strated over  and  over  again  in  various  parts  of  the  body.  It  is  equally 
clear  that  ihc  raradic  current,  even  when  not  very  powerful,  raises  the 
temperature  of  the  parts  through  wluch  it  passes.  The  sensation  of 
Ihc  patient  and  palpation  by  the  operator  demonstrate  this  beyond 
doubt.  Cold  extremities  are  warmed  sensibly  and  quite  rapidly  by 
faradiMtion  or  galvanization,  even  when  no  sensible  muscular  contrac- 
tions are  produced  by  the  current.  It  is  logical  to  infer  that  very  weak 
currents,  either  faradic  or  galvanic,  cause  a  slight  increase  of  heat  by 
virtue  of  the  passage  of  the  current,  and  as  a  physical  effect  of  such 
passage,  without  reference  to  the  physiological  i>hcnomenoD  that  must 
accomjMtny  the  physical  phenomena,  which  must  probably  also  cause 
la 
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ft  rise  of  the  temperature.  Sch'iH  declares,  as  a  result  of  his  observa* 
tions,  that  a  nerve  is  wamicd  by  an  almost  moiiicntary  passage  of  the 
current. 

A  second  important  physical  effect  of  the  passage  of  an  electric  cur- 
rent through  ihc  body  is  the  transference  of  siilistanccs  from  one  pole 
to  the  other.  This  physical  effect  of  the  current  has  long  been  recog- 
nixed.  In  the  electric  light,  for  example,  the  particles  of  carbon  go 
from  the  positive  to  the  negative  pole,  and  to  so  marked  a  degree  that 
the  positive  carbon  is  quite  rapidly  worn  away.  A  very  remarltable 
illustration  of  this  transference  of  matter  in  the  track  of  electricity  some- 
times occurs  in  lightning  stroke.  Trustworthy  cases  are  reported  of 
indiviJuals  who  have  been  found  struck  dead  by  lightning,  and  bearing 
on  their  bodies  distinct  images  or  impressions  of  some  object,  as  a  tree 
or  house,  near  which  they  stood  when  they  fell. 

In  1864,  at  Nibclle,  in  France,  three  men  who  were  gathering  pears 
were  struck  by  lightning.  One  was  killed  at  once.  The  others  were 
thrown  to  tlie  ground  unconscious,  and  one  of  these,  when  taken  home, 
was  found  to  have  on  his  breast  a  "distinct  daguerreotype  of  the  tree." 

In  i860  a  woman  of  Sisonnc,  in  France,  who  was  struck  by  lightning,, 
carried  on  her  back  a  complete  image  of  a  tree — trunk,  branches,  and 
leaves— that  was  near  the  place  where  she  fell.  A  simitar  case  is  re- 
corded by  Franklin.* 

The  explanation  of  all  these  cases  is  the  same.  The  particles  of  the 
tree,  reduced  lo  great  fineness  by  the  electricity,  are  mechanically  trans- 
ported and  burned  in  the  skin.  The  process  is  therefore  not  chemical, 
but  mechanical  and  thermic. 

Bodies  have  been  literally  tattooed  iii  this  way.  Transference  of  sub- 
Stances  is  a  ]iart  and  result  of  the  electrolysis  tn  organic  substances 
already  described  (Elcctro-Phj-sics,  p.  47),  and  also  of  the  electrolysis 
of  organic  bodies  to  be  hereafter  describc<l. 

The  electric  currents  also  exercise  a  positive  and  very  interesting  in- 
fluence over  endoBinose.  By  the  passage  of  a  galvanic  current  the  endos- 
motic  phenomena  may  be  both  stimulated  or  reversed.  This  is  shown 
in  the  following  experiment  of  Dutrochel :  A  tube  containing  gum- 
water  is  closed  at  one  of  its  ends  by  animal  membrane  and  dipped  in 
a  vessel  containing  common  water.  By  the  ordinary  operation  of  the 
laws  of  cndosmosis  the  gum-water  rises  in  the  tube  on  account  of  the 
entrance  of  some  of  the  ordinary  water  through  the  membrane  into 

*  Death  t>y  Lightning,  by  H.  Dr.  Fedct  (aermont  Ferr^ndJ,  CaattU  da  Ht^ 
tMtx,  Jane  fkio,  1872.  inmalaled  In  Tht  CUmit,  July  6,  187a. 


EFFECT  OF  ELECTRICITY  ON  NUTRinON. 


179 


ic  tube.  But  if  the  positive  pole  of  a  galvanic  battery  be  placed  in 
the  common  water,  and  the  negative  p<ilc  \n  the  gum-watcr,  the  endos- 
motic  action  is  stimulated  to  such  a.  marked  degree  that  the  level  of  the 
gam-wnter  rise*  with  much  greater  rapidity  ;  if  we  reverse  the  pole  the 
level  of  ihe  gum-water  in  the  tube  sinks  instead  of  rises.  The  faradic  cur- 
tent  from  the  setondary  coil  produces  no  such  effccL  The  current  from 
the  inner  coU — the  extra  current  so  called — produces  these  effects  to  a 
le»s  degree.  It  is  pretty  clear,  therefore,  that  these  phenonien*  de- 
pend on  the  chemical,  and  not  on  the  mahanieai  power  of  the  current, 

ElertrUal  Endatmasis  is  infiuateed  by  S/rtHgth  of  Current  and  Resist- 
aneeef  Circuit. — It  is  found  that  the  quantity  whirh  rises  is  inexact  pro- 
portion to  the  strength  of  the  current,  and  to  the  extent  of  the  porows 
surface.  It  has  been  found  that  the  greater  the  resistance  of  the  liquid 
to  electrolysis,  the  inwe  it  yields  to  this  endosmotic  action. 

The  above  phenomena  have  been  demonstrated  at  different  times,  and 
by  a  variety  of  observers. 

Besides  the  physical  effects  above  described,  there  may  be  many 
others  that  we  cannot  at  present  recognize  or  appredate,  but  which 
may  be  revealed  by  the  spectroscope  and  other  means  of  refined  re- 
search. 

A/ter  Physical  Effects  of  the  Currents, — It  has  been  observed  that 
platinunt  wires  are  contracted  by  the  |>assage  of  electric  currents  through 
them,  and  that  copper  wires  that  are  used  for  conducting  electricity 
become  britde  thereby.  The  differential  acrinn  of  the  faradic  and  gal- 
vanic currents  in  this  respect  is  quite  interesting,  for,  according  to 
RuhmkorfF,  the  copper  wires  that  conduct  faradic  currents  break  more 
QKedily  and  more  frequently  than  those  which  conduct  galvanic  currents. 

Tliis  physical  fact  is  very  suggestive  of  what  may  be  facts  in  physi- 
ology and  pathology.  We  have  already  seen  that  magnetisation  has 
physical  effects  of  a  most  decided  character.  We  have  seen  that  it 
causes  sounds  to  proceed  from  the  body  magnerized ;  that  the  bodr 
magnetized  also  becomes  elongated;  and  that  this  elongation  is  proba- 
bly due  to  the  fact  that  Che  particles  arrange  themselves,  during  mag- 
netization, lengthwise  in  the  direction  of  the  bar.  It  is  not  improbable 
that  the  human  body  in  health  and  in  disease  may  also  be  changed  by 
the  action  of  the  currents  in  a  manner  that  we  Ao  not  yet  comprehend, 
and  that  such  physical  or  physiological  changes  may  account  for  some 
of  the  therapeutic  effects  of  elecLrization.  This  probability  applies 
especially  to  the  after  effects  of  eiectiical  treatment,  effects  that  are 
notice<i  not  while  the  applications  arc  being  made,  or  during  the  course 
of  the  treatment,  but  weeks  and  months  after  the  treatment  is  discon> 
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tinned.     On  this  subject  we  shall  speak,  in  more  detail  ia  tbesectio-i  on 

Klcctro- Therapeutics. 

Chemical  Effcctt. — ^The  chemical  effects  of  the  current  are  mainly  of 
an  eUctrplytit  chaiactcr.  Tlicy  consist  of  an  electrochemical  coinposi- 
lioD  of  the  fluids  of  which  the  body  is  composed.  The  general  laws 
and  phenomena  of  electrolysis  in  its  relation  to  inorganic  substances 
iiave  already  been  set  forth  in  the  chajitcr  on  that  subject  in  Electro. 
Physics.  It  remains  for  us  here  lo  speak  of  electrolysis,  in  its  rela- ' 
tion  Eg  organic  life.  At  the  outset  we  may  remark  that  there  is  no 
evidence  that  organisaiian,  as  such,  seriously  modifies  electro-chemical 
decomposition.  The  fluids  of  the  body  decoojpose  under  the  influence 
of  the  cun'eol,  just  as  the  same  combination  of  fluids  with  tissue  would 
decompose  if  not  endowed  with  life.  If  the  results  of  the  electrolysis 
of  tijc  dead  body  are  different  from  the  results  of  the  electrolysis  of 
ilie  living  body,  it  is  because  of  the  chemical  changes  that  take  place  in 
the  body  after  life  has  departed. 

The  human  body  is  composed  of  fourteen  dtfTereiit  chemical  stib- 
stances,  many  of  which  are  singly  capable  of  decomposing  under  the 
current,  and  in  their  various  combinations  are  capable  of  many  decom* 
pcisitioiis  and  recom positions,  with  secondary  results  that  cannot  well  be 
estimated. 

The  general  facts  of  the  electrolysis  of  inorganic  substances,  the  ap- 
(icarance  of  oxygen  and  acids  at  the  positive  pole,  and  hydrogen  and 
alkalies  at  the  negative  pole,  apply  also  lo  the  electrolysis  of  the  living 
body.  The  great  law  arrived  at  by  Faraday,  that  in  electrolysis 
substances  are  decompojied  in  equivalent  proportions  (see  Electro- 
Phy^ica,  p.  46),  also  6nds  no  exception  or  interference  in  organic 
stnicturt-s. 

Some  of  the  Phen&mena  cf  Electrolysis  of  Living  and  Dead  Tissues.— • 
In  order  to  determine  the  electrolytic  effect  of  the  current  on  organic  sub- 
stances we  have  made  a  wide  variety  of  experiments  on  both  li^Hng  and 
dead  tissues,  fluid  and  solid,  in  a  nonnal  as  well  as  pathological  condi- 
tion, on  animals  and  men.  We  have  Cried  the  galvanic  current  on  the 
voluntary  and  involuntary  musctcH  ;  on  the  mucous  and  serous  mem- 
branes ;  on  brain,  spinal,  and  nerve  matter  ;  on  the  lungs,  the  heart,  the 
liver,  spleen,  stomach,  intestines,  bladder, uterus;  on  the  saliva  and  the 
urine  ;  on  the  cartilage  and  on  bones.  The  general  conclusions  at 
whid)  we  have  arrived  from  these  experiments  arc  these  : 

i.  All  these  animal  tissues,  living  or  dead,  decompose,  so  far  as  car. 
be  seen,  like  inorganic  substances,  and  by  unifgrm  laws. 

3.  The  fact  most  patent  to  su^icrticial  observation  is  that  the  rapidity 
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of  the  electrolysis  tlepends  more  on  the  amouat  of  fluid  id  the  tissaes 
than  on  all  other  factors  combined. 

3.  The  great  difference  in  the  effects  of  electrolysis  on  organic  and 
inorganic  substances  is  seen  after  the  current  has  ceased  to  act.  In 
t)ic  electrolysis  of  most  inorganic  substances — such  for  example  as  iodide 
of  potassium,  acetate  of  lead,  chloride  of  sodium,  and  so  forth — the 
effects  cease  as  soon  as  the  current  ceases ;  the  substances  remain  in 
the  condition  that  the  current  left  them.  The  electrolysis  of  organic 
Bubstances  starts  a  f  recess  thai  continues  long  after  the  current  ceases  to 

Electrolysis  ef  the  White  of  an  Egg. — Wlien  the  »4iitc  of  an  egg  is 
electrolyzed  by  copper  needles  or  wire,  white  flakes  rapidly  forni  around 
the  Dcedle  connected  with  the  negative  imle,  covering  the  needle  as 
cotton  covers  a  bobbin  of  a  tooin.  Hiis  white  covering  soon  becomes 
detached  from  the  needle,  if  the  current  is  tolerably  strong,  and  floats 
on  the  surface  of  the  albtiiueii,  and  tlien  another  similar  envelope  is 
formed  over  the  needle.  In  a  little  time  the  surface  of  the  albumen 
becomes  covered  with  white,  lilight  masses,  reAcinbling  what  arc  known 
on  our  tables  as  "floating  islands."  These  fomiations  are  not  coagula, 
u  tntght  be  supposed,  but  are  siini>ly  composed  of  hydrogen  gas  envel- 
oped by  very  thin  layers  of  albumen,  into  which  it  is  mechanically  driven 
by  tlic  electrolytic  action,  after  tlie  analogy  of  soap-bubbles  and  the  froth 
of  a  beaten  egg.  where  the  distension  is  caused  by  common  air  envel- 
oped by  water  and  albumen. 

Besides  these  changes  the  albumen  becomes  discolored,  and  reddish- 
yellow  streaks  are  found  at  both  poles.  This  discoloration  is  due  partly 
lu  the  action  of  the  onygen  or  the  albumen  on  the  copper  of  die  elec- 
trodes. 

Although,  as  has  been  said,  platinum  wires  at  the  point  of  insertion 
into  the  substance  arc  best  for  these  experiments,  since  they  arc  not 
acted  on,  iind  exhibit  the  changes  in  their  punly,  yet  a  common  sewing 
or  darning  needle,  or  cupper  wire,  will  answer ;  but  it  should  be  borne 
in  mind  that  the  action  of  the  substances  on  these  will  complicate  the 
observation,  and  that  they  will  in  a  &hort  time  become  destroyed  by 
oxidation. 

Electrolysis  of  Fresh  Milh.—When  fresh  cow's  milk  is  electiolyzed 
with  platliiuni  needles  an  odor  of  chlorine  is  distinctly  perceived,  due  to 
decomposition  of  the  chloride  of  sodium,  and  liltic  islands  of  foam  appear 
JHi  the  surface.  This  foam,  on  being  broken  up,  gives  (otth  an  odor  of 
rinc,  and  disappears,  showing  that  it  is  not  coagulated  albumen, 
simply  chlorine  gas  ud  albuminous  envelopes. 
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Eiictrelysis  af  ihi  AqueoLs  and  Vitreous  Humors  of  the  £>r.— When 
platinum  needles  connected  with  a  galvanic  current  are  inserted  into 
the  aqueous  and  vitreous  humors  Of  the  cj*e  of  a  dead  or  dying  labbit, 
rapid  electrol)'sis  takes  place  at  both  poles,  with  evolution  of  gases  in 
albuminous  envelopes.  A  cloud  resembling  cataract  is  speedily  formed 
over  the  pupil,  and  in  a  few  moments,  if  the  current  be  of  medium 
strength,  the  covering  of  the  eye  will  be  ruptured,  with  a  violent  escape 
of  albumen-enveloped  gases.  This  process,  which  T>r.  Beard  has  fre- 
quently studied  ID  the  eyes  of  ra.bbits  and  dogs,  is  similar  to  that  which 
takes  place  in  the  electrolysis  of  hydrocele  and  of  cenain  cystic  tujnors. 

Eltttrolysis  ef  Beef. — It  is  possible  to  gain  a  measurably  correct  idea 
of  what  changes  take  place  during  and  after  electrolysis  of  the  living 
body,  in  health  or  disease,  by  studying  the  phenomena  that  appear 
during  electrolysis  of  dead  tissue.  If  a  piece  of  beefsteak,  for  example, 
be  subjected  to  the  action  of  the  galvanic  current  by  needles  connected 
with  the  positive  and  negative  poles,  a  process  somewhai  resembling 
frying  can  be  distinctly  seen  and  heard  and  felt ;  more  specifically, 
bubbles  of  hytliogeii  appear  at  the  negative  pole,  and  a  kind  of  hissing 
•ound  is  heard,  even  when  the  car  is  at  some  little  distance,  and  a  i>osi- 
live  sensation  of  heat  is  felt  when  the  finger  is  pressed  over  the  part 
that  is  being  clectrolyzed.  Under  the  microscope  this  process  can  be 
more  closely  studied.  Chemical  examination  shows  that  oxygen,  acids, 
atvd  aJbumen  go  to  the  positive  pole,  while  hydrogen,  alkalies,  and 
coloring  matter  go  to  the  negative,  and  the  action  at  the  negative  pole 
\%  much  greater  than  at  the  positive.  Under  this  process  the  beef  be- 
comes gradu-tlly  dried  and  changed  in  color,  owing  to  the  disappearance 
of  the  water)-  constituents  and  the  other  electrolytic  action;  and,  in 
proportion  as  (he  beef  groivs  drier  and  the  hbrcs  begin  to  lose  their  ad- 
herence and  fall  apart,  the  electrolytic  process  becomes  less  and  less 
active,  because  there  is  less  Quid  on  which  to  act. 

For  some  hours  after  the  needles  are  removed,  the  process  of  drying 
and  disintegtatioa  and  decoloration  goes  on,  until  the  portion  that  lies 
between  and  near  the  (Hiles  shrivels,  contracts,  and  crumbles,  until  it 
resembles  ihe  burnt  corners  of  a  piece  of  roast  beeC 

Electrolysis  of  Fruits  and  Vegetables. — Wc  have  experimented  on  a 
variety  ot  fruits  and  vegetables — as  oranges,  leoions,  apples,  pears, 
peaches,  potatoes,  turnips,  etc  The  effects  of  the  clectrolybc  action, 
as  they  appear  to  the  eye  and  the  ear,  though  consistent  with  the  great 
general  laws  of  electrolysis  of  inorganic  substances,  yet  are  more  or  less 
modilicd  by  the  varieties  of  structure.  W'hen  a  sound  apple  is  electro. 
*yxed,  tlie  part  around  the  negative  needle  changes  in  color  and  looki 
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u  tbou^  it  had  been  bruised  and  was  beginning  10  decay,  and  the 
needle  sooo  becomes  loosened  and  will  easily  Tall  out.  The  piocess  of 
drying  and  decoloiatioa  goes  on  after  the  operation  is  discontinued.  In 
fruits  and  vegetables  the  electrolytic  changes  that  take  place  are  largely 
due  to  the  electtolyzacion  of  water,  Which  is  aided  by  the  adds  that 
they  contain. 

When  muscles  have  been  separated  from  the  body  and  submitted  foi 
several  days  to  the  action  of  a  strong  galvanic  current,  there  have  been 
found  at  the  positive  pole  sulphuric,  phusphoric,  hydrochloric  and  azo- 
tic acids,  and  at  the  negative  [kiIc  alkalies — as  soila,  polassa,  and  am- 
roonia. 

I^gros  and  Onimtis  have  shown  that  when  on  allcali,  as  carbonate  ol 
soda,  is  placed  at  the  positive  pole  in  electrolysis  of  the  human  body, 
and  an  acid — as  tartaric  acid — at  the  negative  pole,  the  usual  eschars 
have  DoL  been  fonned.  This  would  seem  to  indicate  that  the  cauteriaa- 
tion  in  electrolysis  is  due  in  part  to  the  acids  and  aUcalies  that  result 
from  the  decomposition. 

This  cauterizing  action  is  not  solely  due  to  the  acids  and  alkalies,  for, 
vrtwn  other  acids  and  alkalies  are  applied  to  the  body,  eschars  of  the 
iame  degree  are  not  obtained.  The  current  penetrates  and  pervades 
the  tissues  and  induces  various  changes  beyond  and  beneath  the  eschar, 
which  changes  continue  long  after  the  current  is  broken. 

The  phenomena  above  described  all  occur  under  the  galvanu  cur. 
rent,  and  with  needles  as  electrodes. 

The  ctiTxent  from  the  jmniary  coil  of  the  faradic  machines  has  some 
electrolytic  power,  and  even  the  current  from  the  secondary  and  ter- 
tiary coils  is  not  without  some  chemical  effect.  It  w  not  necessary  to 
use  needles  or  pointed  electrodes  of  any  kind  in  order  to  produce  elec- 
trolysis ;  but  with  a  sufficient  strength  of  current  the  phenomena  may 
be  produced  by  large,  Hai,  metallic  surfaces.  There  is  more  or  less 
electrolysis  in  all  the  ordinary  applications  of  electricity  to  the  body, 
whether  made  with  metals  or  sponges,  small  or  large. 

Phyjiehgital  Effects. — The  physiological  effects  of  electricity,  pro- 
perly so  called,  are  those  which  take  place  by  virtue  of  the  viiat  proper- 
tics  of  the  body.  The  other  cffccLs  above  described — mechanical, 
physical,  and  chemical — arc  not  peculiar  to  living  bodies ;  they  are 
observed  on  the  dead  as  well  as  the  living,  on  inorganic  as  well  as 
organic  substances,  although  they  are,  as  we  have  seen,  more  or  less 
tpodified  by  vitality.  But  the  jihysiotngical  cflccis  of  which  we  are  here 
to  speak  are  peculiar  to  organization ;  they  cease  when  life  ceases,  fo« 
Ihey  arc  mainly  the  modification  of  the  >-ital  processes  by  electricity. 
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There  are  in  general /owr  ways  in  which  electricity  applied  .o  the  ti» 
tues  modifies  Iheir  physiological  fiiiKtions  : — 

I.  It  may  increase  Ihem. 

3.  It  may  diminish  them. 

3.  It  may  aircst  them. 

4.  U  may  raudify  their  quality. 

Sotuc  of  the  more  important  illustrations  of  their  effects  hare  been 
already  discussed. 

We  have  seen  thut  electricity,  according  to  the  kind  that  is  employed, 
and  according  to  the  incthuii  and  strength  and  length  of  the  applica- 
tion, causes  various  pheuomeoa  on  the  skin,  contracts  voluntary  and 
involuntary  muscles  when  applied  either  to  the  muscles  themselves  01 
to  the  nerves  that  supply  them,  and  increases  the  process  of  oxidation, 
and  raises  the  temperature,  excites  the  nerves  of  common  and  special 
sense  so  as  to  cause  pain,  llashes  before  the  eyes,  noises  in  the  ears,  and 
a  peculiar  taste  and  odor.  When  ajjplied  to  the  pneumoga&tiic  it 
increases,  diiiiiiitshcs,  or  arrests  the  action  of  the  heart. 

It  remains  here  to  speak  of  the  following  physiological  effects  of  elec- 
tricity : — 

J.  On  the  circulation. 

7.  On  secretion  and  excretion. 

3.  On  al>sorption. 

The  effect  of  ckctricity  on  the  circulation  is  somewhat  complex.  It 
includes  (he  effect  on  the  heart  and  on  the  unstripcil  muscular  fibres  of 
the  arteries,  as  well  as  on  the  central  and  peripheral  nervous  system  in 
general,  since  the  flow  of  blood  in  the  arteries,  veins,  and  capillaries  is 
influenced  by  the  quality  and  quantity  of  innervation  that  ihcy  receive. 
We  have  to  sjicak  merely  of  the  direct  effect  of  electricity  on  the  capil- 
lary circulation.  It  has  been  shown  already  that  electrization  of  the 
cervical  symiialhetic  may  have  the  directly  opposite  effect  of  contracting 
or  dilating  the  vessels  of  the  retiua.  That  the  same  opposite  effects 
may  follow  electrization  of  any  part  or  organ,  depending  on  the  tem- 
perament of  the  patient,  the  quality  of  current,  and  the  length  and 
strength  of  tht;  application,  is  also  demonstrable.  One  effect  is  con- 
stant under  all  conditions.,  and  that  is,  that  the  circulation  is  niodilied 
in  one  or  the  other,  or  in  both  ways.  The  average  ultimate  effect  is 
lo  increase  thc^uu/  0/  bloaJ,  raise  the  temperature,  and  dilate  the  veins. 
Dilatation  of  the  veins,  after  prolonged  electrization,  is  a  phenomenon 
that  can  be  demonstrated  with  ease  on  any  part  of  the  body  where  the 
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veins  are  proutincnt.    The  back  of  the  hand  is  ihe  best  place  to  study 
this  phenomenon,  and  faradization  Uluslnues  it  most  disiiiicily. 

This  enlargciiienit  of  the  veins  is  accuiupanicd  by  a  riiie  in  tempera 
lure,  and  especially  if  the  muscles  lia.ve  been  brought  into  vigorous 
conlniction,  chat  is  not  only  indicated  by  the  ihennonteter.  but  is  ap- 
preciated by  the  subject.  Under  general  faratlizalion  the  h.incls  and 
feet  become  wanner  ilaring  the  sitting,  and  may  remain  warmer  for 
hours.  Central  galvanization,  or  galvanization  of  the  cervical  symp^ 
thctic  also  warms  the  peripliery. 

On  Secretion  and  Excrelion.~'V\\e  secreting  power  of  the  secreiiny 
organs  of  the  body  is  very  markedly  influenced  by  electrization.  The 
usual  effect  is  to  increase  their  activity  ;  but  when  very  mtld  currents 
arc  ascd,  such  effect  is  not  always  obi^erved,  and  it  is  probable,  from  our 
experiments,  dut  very  strong  currents  may  produce  a  reverse  elTect. 

On  the  toihrymal  glands  the  action  of  ihe  current  13  Dot  SO  easily 
shown,  because  strong  currents  arc  not  well  borne  on  the  face  or  head, 
and  the  glands  themselves  are  not  directly  accessible.  It  is  difficult  to 
decide  whether  the  flow  of  tears  that  accompanies  strong  electrization 
of  the  face  is  the  result  of  the  mechanical  inttacion  or  the  phyuo- 
logical  action  of  the  current  on  the  lachrymal  glands  or  the  nerves  that 
supply  them. 

The  secretion  in  mufout  membranes  is  quickly  increased  by  electrijta- 
tion,  as  can  lie  demonstrated  most  easily  on  the  Sdineiderian  membrane 
by  means  of  metallic  electrodes  introduced  in  the  nasal  passages. 
This  fact  becomes  of  practical  importance  in  (he  treatment  of  iJie  so- 
called  "dry  catarrh,"  and  also  in  exhausting  diseases,  associated  with 
dryness  of  the  mucous  membranes. 

On  the  ja/f'roo'  secretion  the  effect  of  the  current  is  very  easy  of  de- 
monstration. That  application  of  the  current,  both  galvanic  and  faradic, 
can  increase  the  secretion  of  the  salivary  glands,  is  rcry  easily  demon- 
strated. We  have  shown  this  at  various  times  during  the  past  live  years, 
galvanizing  or  laraditing  the  tragus  of  the  car,  with  either  pole,  or  against 
the  mcmbrana  tymt>ani.  This  effect  is  due  to  the  excitation  of  ihe 
,  dtorda  tympani  nerve,  some  of  the  fibres  of  which  go  to  the  submaxillary 
'ganglia.  This  increase  of  saliva  is  sometimes  so  great  that,  while  the 
current  i:*  flowing,  continual  swallowing  is  necessary. 

In  sensitive  persons  tlie  same  effect  follows,  by  reflex  action,  electri- 
zation in  almost  any  )>art  of  the  neck  or  face.  In  certain  pathological 
cues,  as  Addison's  disease,  Dr.  Rockwell  •  has  found  the  annoying  dry- 
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new  of  the  mouth  greatly  relieved  by  electrization,  and  in  (ulhulogical 
cases  of  the  severe  character,  as  in  diabetes,  when  the  salivary  sk-cie 
tion  ruay  be  greatly  diminished,  we  have  found  central  galvanization  to 
increase  the  secretion  quite  raindty. 

On  the  biliary  secretion  the  action  of  the  current  is  less  easy  of  ouihe- 
luatical  demonstration.  The  results  of  external  electiiiation  in  palho- 
loi{ical  cases  seem  to  prove  that  the  quantity  of  the  bile  may  be  increased. 
Whether  this  increase  is  due  to  the  action  of  the  current  on  the  sab> 
stance  of  the  liver,  or  the  nerves  that  supply  it,  wc  arc  not  aljle  to 
stale. 

The  secretion  of  fiiJ/'';ryir/Vc,  and  of  the  inttstinai fiuid,  is  in  all  prob- 
ability increased  by  external  electrization.  Analogy  would  show  these 
fluids  ought  to  be  secreted  in  greater  abundance  under  the  influence  of 
the  current,  and  the  results  of  treatment  in  pathological  case*  give  this 
probability  something  of  the  force  of  certainty.  Appetite  is  sharpened, 
digestion  \a  quickened,  and  constipation  relieved,  both  by  local  and  by 
general  elecuicai  treauuent,  so  rapidly  and  iio  decidedly  as  to  make  it 
pretty  evident  that  the  gastric  and  intestinal  fluids  are  made  to  secrete 
more  liberally  by  the  action  of  the  current  on  the  nencs  that  supply 
these  organs  than  on  tJie  tissues  of  the  organs  themselves. 

An  excellent  means  of  studying  the  variations  in  the  nutrition  is 
found  in  the  elimination  of  the  urine.  This  is  believed  to  be  a  result 
of  oxidation  processes  dioc  may  take  place  either  in  the  kidneys  or  in 
the  tissues  or  >»  both. 

Lcgrtjs  and  Oninms  have  studied  the  effects  of  electrization  of  the 
spine  on  the  elimination  of  urine. 

Their  conclusions,  derived  from  more  than  250  analysc-t,  made  On 
the  urine  of  rabbits  and  of  themselves,  are  these  : — 

1.  Interrupted  currents  dimini^  the  quantity  of  urine  and  of  azote. 

3.  C'cnirtfugal  galvatiic  cunents  increase  llie  quantity  of  the  nrine 
and  diminish  that  of  the  urea. 

3.  That  continuous  centripetal  currents  increase  the  quantity  of  urea 
without  increasing  the  quantity  of  urine. 

On  the  urinary  seeretion  the  effect  of  electrization  can  be  demon- 
strated in  {lathological  cases  without  difficulty.  In  cases  of  diabetes 
insipidus  and  meltUus,  local  and  general  treatment  may  cause  great  di- 
minution in  the  dischaige,  while  in  dropsy  and  in  rheumaiism  we  have 
known  the  kidneys  to  be  siimulate<]  as  much  as  by  powerful  diuretics. 

On  the  average  man  in  health  there  is  considerable  difticulty  in  esti- 
mating a  moderate  increase  of  the  urinary  secretion  under  electriza- 
tion, for  the  sufficiently  apparent  reason  that  the  quantity  oX  urinr 


EFFECT  OF  ELECTBICrrV  ON   NUTRITION. 


187 


nries  with  to  wtaxty  conditions  of  food,  drink,  and  excTcise,  and  so 
forth.  Unless  the  effect  of  cleclri«ition  on  the  kidneys  «fcre  immediate 
and  decided,  it  would  be  difficult  to  differentiate  between  its  effects 
and  the  effects  of  the  other  important  and  varying  factors. 

On  the  menstruai  seeretien  electncity  acts  with  remarkable  power. 
Both  currents,  applied  externally  and  intemally,  centrally  or  generally, 
in  phjrdological  as  welt  as  pathological  cases,  affect  the  quantity  ol 
menstrual  secretion  rapidly,  and  soiuettincs  permanently.  The  effects 
Are  sometimes  iiitmediate,  taking  place  during  or  directly  after  the 
'application.  The  number  of  days  that  the  menses  appear  are  some- 
times  increased,  and  entire  suppression  is  slowly  or  speedily  ciireil. 

In  pathological  cases,  where  there  is  an  excess  of  menstriial  flow, 
electrization  corrects  and  diminishes  it.  These  apparent  and  interesting 
'  effects  of  electricity  on  the  uienstnuU  secretion  may  take  place  chiough 
ftc  direct  action  of  the  current  on  the  ovaries  and  the  uterus,  or  indi- 
rectly through  the  brain,  sjTHpaihctic,  and  spinal  cord,  and  the  nerves 
tiiat  supply  the  pelvic  organs.  They  may  lake  place  through  reflex 
action  from  electrization  of  the  feet  or  hands,  or  other  and  distant  parts 
of  Ae  body.     Franklintc  electricity  also  produces  these  effects. 

The  whole  subject  is  of  immense  practical  importance,  as  wil'.  be 
Been  in  the  chapter  devoted  to  Diseases  of  Wotmrn. 

On  the  lacieai  secretion  electricity,  especially  the  faradlc  current, 
acts  with  decided  though  varying  power.  It  has  never  been  known  to 
diminish  it,  while  it  sometimes  increases  it,  and  it  may  restore  it  after 
it  has  been  temporarily  suppressed.  This  physiological  fact  has  & 
pnurtical  significance  that  will  appear  in  the  chapter  devoted  to  Mid> 
wifery. 

Similarly  also  the  secretion  of  the  spcrmatu  fiuid  is  increased  by  gal- 
vanization or  faradisation.  A  nmthcmatical  test  of  the  power  of  elec- 
trization to  increase  the  secretion  of  the  testicles  cannot,  for  obvious 
reasons,  be  obtained ;  but  the  statements  of  individuals  en  whom  the 
experiment  was  tried  seem  to  establish  this  point.  The  applications  may 
be  made  not  only  through  the  testicles,  but  through  the  perinasum  and 
over  the  spine.  The  results  are  not  invariable,  but  are  obtained  in  a 
sufficient  number  of  cases  to  make  it  fair  to  regard  such  effect  as  a 
Uw  of  electro-physiology. 

The  secretion  of  the  sweat  ghnds  is  also  increased  by  powcrfiil 
galvanization  of  the  central  nervous  system,  and  especially  of  the  cervi- 
cat  spine  and  sympathetic.  In  very  Kusceptible  patients  either  galvani- 
sation or  faiadiaation  of  the  head,  n'*ck.  or  spine,  and  strong  electrization 
of  almost  any  part  of  the  body,  will  cause  sensible  perspiration.     Wg 
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have  seen  imIividtiaU  whom  a  few  minutes  of  general  faradization  with 
feeble  ctinents  brought  out  large  drops  of  sweat  on  the  forehead,  and 
made  the  hands  as  moist  as  though  they  had  been  dipped  in  water. 

Oa  Absorptian, — The  action  of  electricity  on  the  absorbents  is  best 
studied  ia  ^pathological  cases,  such  a$  hypertrophies,  effusious,  and 
morbid  growths. 

Id  thickening  of  the  skin  that  appears  in  some  cutaneous  affections, 
in  corneal  opacities,  in  enlarged  joints,  in  pleuritic  effusions,  in  hydro- 
cele,  ill  dropsy  of  various  parts,  in  passive  mtlemaj  and  in  enlarged 
glands,  in  tumors  of  nearly  everj-  variety,  can  be  demonstrated  the  power 
of  electricity  to  produce  absorption.  Reasoning  backward  from  patlio- 
lug;)'  to  pliybiQlogy.  we  justly  infer  that  the  same  effect  takes  place,  more 
or  less,  in  all  applications  of  electricity  to  the  body,  but  that  the  degree 
of  it  ia  nioditicd  by  the  condition  of  the  part  to  which  the  application 
is  made.  The  effect  on  secretion  is  apparent  at  once  to  the  cyt  or  the 
sensation  ;  the  effect  of  absorption  is  apparent  only  to  the  eye,  and 
then  only  when  there  is  a  visible  excess  uf  fluid  or  solid  in  tlie  part  to 
which  the  application  is  made.  This  part  of  our  subject  will  be  prac* 
tically  illustrated  in  various  chapters  both  in  Medical  and  Surgical 
Electricity. 

Effects  of  EUctrieity  produced  by  Refiix  as  well  as  by  Direct  Action, 
■ — The  reflex  effects  of  electricity  seem  not  to  have  been  fully  recognized 
by  electro-therapeuiiats.  There  is  considerable  ditficulty  in  ascertaining 
the  precise  reflex  effects  of  electricity  on  animals.  The  effects  as  they 
thow  iheuiselvcb  ou  man  arc  largely  sensory,  not  motor ;  the  stinmla- 
tion  of  the  circulation  of  abiiDrption  and  of  secxetion  that  might  and 
probably  does  take  place,  reflcxly  as  well  as  directly,  is  too  minute  to 
V  readily  observed.  We  arc  justified  in  believing  that  electricity  acts 
inabsorption,  secretion,  and  exertion  by  reflex  as  well  as  by  direct  action, 
Irom  the  fact  that  in  irritable  constitutions  sensory  effects  on  the  sensa- 
tion and  on  circulation,  of  a  maxked  diatacter,  are  produced  by  electric 
irritation.  Thus,  for  example,  when  the  hands  or  the  feet  arc  traversed 
by  strong  currents,  cither  continuously  or  in  sudden  shucks,  pain  or 
disagreeable  sensations  may  be  felt  in  tlie  hands  and  feet,  of  the  oppo- 
site side,  or  in  the  back,  or  stomach,  or  side.  These  retlcx  effects  are 
not  cousianlj  and  when  we  look  for  them  we  tnay  not  find  theui.  They 
can  be  best  studied  in  persons  who  are  susceptible  to  electricity,  and 
whose  spinal  cords  are  weak  and  irritable.  Ia  some  pathological  ca^es 
also,  such  as  chronic  myelitis  of  the  anterior  column  (anterior  spinal 
sclerosis},  the  reflex  action  of  electricity  is  illustrated  with  great  dis- 
tinctness.    Localized  faradization,  or  galvanization  of  the  lower  limbs 
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may  be  felt  not  only  in  the  part  traversed  by  th«  aiiTcnt,  but  in  th* 
arms,  in  the  oppoMle  limb,  in  the  back,  and  stomach  to  such  a  degreo 
as  to  cause  pain. 

Strong  cuiruiits  acting  on  irritable  constitutions  may  sometimes  by 
reflex  action  shock  the  irhole-  system,  provided  the  application  br 
localiiied  in  certain  localities.  Thus  in  a  case  of  veiy  obstinate  con 
stipation  that  wc  once  treated  by  internal  galvanization  of  the  rectum, 
a  current  of  not  very  great  strength,  suddenly  intemiptcd,  was  disagree. 
ably  felt  in  the  head,  left  hand,  and  feet.  Very  frequently,  indeed,  in 
eiperinienting  on  ourselves  or  other  individuals,  or  on  animals,  and  in 
treating  patients,  we  have  received  shocks  through  the  hands  01  amii 
tbat  seemed  to  be  felt  in  all  parts  of  the  twdy.  In  some  instances  the 
pain  and  disagreeable  sensations  thus  caused  by  the  reflex  action  of  the 
current  last  for  several  minutes  or  hours. 

On  the  circulation  the  retlex  effects  of  electrization  arc  demonstrable 
by  delicate  apparatus  for  testing  temperature.  It  has  been  shown  by 
experiments  that  electrization  of  one  hand  affects  the  circulation  in  the 
hand  of  the  other  side,  so  as  to  change  its  temperature  under  the  thermo- 
electric pile. 

Powerful  electrization  of  feeble  persons  may  cause  a  general  chilli- 
ness of  the  cxtrcrflitics  that  may  last  for  hours,  A  sensation  of  hav- 
ing caught  cold  has  been  known  to  follow  strong  peripheral  faradiza- 
tion. 

Whether  the  action  of  the  current  on  the  retina  and  on  the  auditory 
and  gustatory  nerve  is  direct  or  reflex  lias  been  long  disputed.  Our 
^xeseardies  induced  us  to  the  belief  that  electricity  acts  on  the  nerves  of 
cial  sense  both  reflexlyand  directly.  That  the  gustatory  nerve  can 
be  treated  by  reflex  action,  wc  have  shown  in  a  variety  of  experiments 
with  both  currents.  Sensitive  patients  appreciate  the  sour  or  metallic 
taste  when  the  application  is  made  to  the  lower  part  of  the  spine  or  to 
thearms.  Similarly,  flashes  before  the  eyes  may  be  produced  when  the 
electrodes  are  so  placed  that  the  current  canuot  traverse  directly  the 
region  of  the  brain  where  the  optic  nerve  takes  it$  origin.  Excitation  of 
the  auditor)'  nerve  by  reflex  action  is  not  so  easily  demonstrated,  but 
tinnitus  annum  sometimes  follows  electrization  of  the  spine  and  neck, 

id  it  is  not  unfair  to  infer  that  it  is  the  result  of  reflex  excitation. 

In  thus  admitting  the  possibility  of  exciting  the  nerves  of  special 
sense,  we  do  not  desire  to  give  the  impression  that  the  ordinary  physio- 
logical excitation  of  these  nerves  under  electricity  is  purely  of  a  reflex 
character  ;  on  the  contrar)-,  wc  have  shown  already,  in  the  chapter  on 
(Elcctro-Conductivity,  that  the  current  penetrates  the  brain  and  goes 
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through  those  parts  where  Ac  optic  nerves  originate,  and  also  must 
pflss  through  the  labyrinth  and  act  directly  on  the  auditory  nerve. 

In  reference  to  the  reflex  cfTccts  of  electricity  tliesc  two  considera- 
doDS  are  of  importance  : — 

I.  The  galvanic  currents  operate  much  more  powerTuIIy  by  reflex 
action  than  the  faradic  The  partial  explanation  of  this  fact  which  we 
offer  is  that  the  greater  chemical  power  of  the  galvanic  current,  due  to 
its  acting  always  in  one  direction,  cau&cs  it  to  operate  more  distinctly 
on  the  nerves  than  iliu  faradic  current.  This  fact  of  the  superior  reflex 
ca|)acity  of  the  galvanic  current  is  one  of  high  practical  import  In  the 
treatment  of  disease,  and  explains  in  part,  if  not  entirely,  the  dangerous, 
or  at  least  unpleasant,  effects  that  somctiuiL-s  follow  careless  or  ignorant 
galvanization  in  cerebral  hemorrhages  and  other  irritable  conditions  of 
the  central  nervous  system, 

Atthaus  ha^  recorded  a  case  of  ansesthcsia  of  the  fifth  pair  of  cerebral 
Der\'es  of  a  most  jirofonnd  character,  in  which  there  was  a  complete 
absence  of  cerebral  symptoms — ditzincss,  flashes  of  light,  and  galvanic 
taste — whenever  a  galvanic  current  of  twenty  cells  was  applied  to  the 
face.  A  current  from  thirty  cells,  which  on  a  person  in  health  would 
cause  pawcrfut  Hashes,  a  hissing  sound  in  the  ears,  feeling  of  heat,  and 
perhaps  perspiration,  caused  in  this  patient  onlyS  slight  sensation  of 
giddiness  and  metallic  taste  and  phosphoric  odor. 

This  remarkable  case  is  a  strong  arpiment  in  favor  of  the  opinion 
that  the  results  of  electriiation  of  the  head  and  the  results  of  experi- 
ments like  those  of  Erb  are  due  in  part,  if  not  entirely,  to  retlex  action. 

It  is  possible  that  in  [he  above  case  tlie  portion  of  the  brain  where 
the  optic  nerve  originates  was  also  diseased  so  as  to  render  it  insensible 
to  electric  excitation. 

a.  These  reflex  effects  occur  tn  all  the  applications  of  electricity  of 
cither  form,  and  complicate  the  direct  effects.  The  physiological  and 
therapeutical  effects  of  electrization  of  the  brain,  the  eye,  the  ear,  the 
cervical  sympathetic,  the  spine,  the  trunk,  and  the  periphery,  every- 
where are  a  complex  resultant  of  both  direct  and  reflex  electrical  ac- 
tion. Lotalixed  electrization,  strictly  speaking,  is  an  impossibility,  how- 
ever closely  together  the  electrodes  may  be  placed,  and  however  dis- 
tant from  the  great  nerve  tracts  and  nerve  centres  the  spinal  cord  must 
take  cognizance  of  the  impression  made  by  the  current  on  the  sensory 
nerves  ^nd  other  parts  and  organs  must  share  in  the  eflfects,  for  bet- 
ter or  for  worse.  It  is  for  this  reason  that  caution  is  requisite  even  in 
^adiiing  the  paralyzed  muscles  in  recent  hemiplegias  and  in  active  my* 
ditia. 
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The  very  reniarkabte  resutls  that  follow  general  faradization — a 
method  to  be  subst^iuentijf  described — are  lo  be  accounted  fet  in  part 
by  reOex  actions  which  are  contiaually  talcing  .ilace  duHng  all  stages  of 
the  application. 

Pr.uiiatl  Appluat'wH  of  ihesi  Physiological  Prtneiphs  to  Ehclro- 
TAeraficaties. — With  the  above  facts  and  reasonings  before  us  we  are 
prepared  lo  intelligently  appreciate  the  effect  of  eiectriaty  an  nutrition. 
AVe  do  not  profess  to  have  exhausted  the  rationale  of  the  conipk-x  action 
of  elecnriciiy  on  the  tissues,  but  to  have  indicated  the  leading  principles 
by  virtue  of  wliich  it  affects  the  oulrition  of  the  animal  body.  Many  dis- 
coveries may  yet  be  in  store  for  its  in  this  department ;  it  may  e  shown 
that  oione  is  (jenerated  in  the  tissues  wnth  every  passage  of  the  current, 
and  that  this  ozone  is  taken  intn  the  circulation ;  the  subtle  and  intri- 
cate cheraiitry  of  electrolysis  of  living  tissues  in  their  secondary  and 
teniary,  as  well  as  their  primary  changes,  may  be  unfolded  to  the  viaon 
of  the  future,  and  what  we  now  see  in  a  ^zs%  darkly  posterity  may 
behold  face  to  face;  but  sufficient  is  known  to  explain  in  a  most  in- 
teresting way  the  unrivalled  effect  of  electricity  on  the  nutrition. 

An  objection  sometimes  brought  against  electricity  is  that  we  do  not 
DDderstand  its  action  ;  and  yet  in  (he  whole  round  of  stimulating  tonics 
diere  are  but  few  whose  action  can  be  so  well  explained  as  that 
of  electricity.  VVho  knows  how  arsenic  feeds  the  nervous  system  or 
how  <iiiinine  breaks  an  attack  of  chills  and  fever?  AVhy  does  oxide  of 
sine  act  with  magic  force  in  chronic  alcoholism?  How  does  opiuia 
produce  sleep  and  relieve  pain  ;  and  who  has  entered  into  the  niyste* 
rics  of  anaesthesia? 

Animal  nutrition  is  a  process  of  enormous  complications.  There  is 
no  single  chemical  change  at  which  one  can  point  and  declare  that 
this  explains  the  growth  and  sustenance  of  tiie  body ;  but  there  are 
nameless  and  numberless  phenomena  everj-  moment  going  oa  in  the 
living  tissues,  and  as  a  result  of  alt  these,  in  their  infinite  play  and  com- 
bination, the  body  lives,  moves,  and  has  its  being.  Electricity  in  pass- 
ing through  the  body  modifies  many  or  all  of  these  processes,  and  thus 
modifies  nntriciun.  As  a  resultant  of  the  complex  physical,  chemical, 
and  physiological  action  of  electricity  on  the  dssues,  there  is  increased 
development  and  growth. 

Exptrimenial  an  J  Clinical  Proofs  of  Ike  Effect  of  Electricity  en  Nutrt- 
iifin. — We  have  studied  the  effect  of  electricity  in  great  detail  on  anunals 
and  on  man.  On  animals  our  experiments  have  been  confined  to  the 
cflccls  of  general  faradization  ;  on  man  we  have  studied  the  effects  of 
both  loc  dizcd  and  genc^ral  treatment. 
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CW  a  litter  of  four  puppies,  Hr.  Beard  subtniltcd  two  to  general  fara 
dixation  evcr>'  other  day,  for  eight  minutes  each,  and  two  were  not  sc 
treated,  all  having  an  eqnal  chance  at  their  mother's  breast  and  noiliing 
besides.  All  the  imppies  were  carefully  weighed  at  the  beginning  and 
at  the  end  of  the  treatment,  which  lasted  for  four  weeks.  It  was  found 
that  both  of  the  pups  that  had  been  electrized  weighed  more  than  tlie 
puppicfi  [hat  had  not  l>ccn  electrized ;  all  had,  of  course,  increased  in 
weight,  but  of  those  electrized  one  had  increased /tfar  ounces  and  the 
other  ten  ounces  more  than  his  fellows  that~had  not  been  electrized. 
The  difference  of  size  in  favor  of  the  puppies  that  were  electrized  was 
so  marked  and  so  easy  to  sec,  that  without  great  difficulty  one  who  had 
never  seen  tliera  succeeded  in  picking  out,  from  ocular  inspection, 
those  that  had  been  treated,  and  chat  Iuq  in  the  evening,  and  in  a  bad 
gas-light  It  was  observed  during  the  treatment  that  the  puppies  which 
were  electrized  becaitic  ravenous,  and  sucked  with  greater  energy  than 
their  less-favored  companions. 

The  lueiliod  of  treating  the  pups,  we  may  remark,  was  to  put  them 
on  a  sheet  of  copper,  while  the  hand  of  the  operator  or  a  sponge- 
electrode  was  rubbed  ail  over  the  surface  of  the  body,  previously  moist- 
ened. 

The  details  of  the  experiments,  prepared  by  our  assistant,  Dr.  J.  W. 
Sterling,  who  made  the  applicarions,  are  as  follows* 

July  1.  1871. — Weight  of  4  piip«,  iodiiy«o]d: 

2  Mack  pups  {wcij;ht  catb) 1  lb;  6  01. 

a  ycUaw  pops  weight  O'f  vne ,,.     i  lb.  3I01.  ;<7tticr,  i  lb,  2}  cc 

July,  I,  ^%^l. — Coininenccd  gcnrrsti  rarnditalion,  each  applimion  about  S  minuter 

Applied  it  to  one  of  ilic  black  paps,  wcitflil  1  lb.  6  ol,  Euid  tbc  llglitcst  of  the  yel- 
low pups,  weight  I  lb.  2\  ot. 

Contitiue;!  the  ^pplicsiiona  four  weelu,  m^Wing  three  each  week. 

July  28,  iS;i. — Weighed  the  pup«  after  twelve  applications. 

I  black  pup  (^neral  faradialion) 3  lbs.     7  OL 

t  block  pup  (no  faradiution] a    "    13    " 

I  ycllaw  pup  <geneTD.l  faTadiuiian) .    3    "     o    " 

I  yellow  pup  (no  £>ni<iutalion) .•.....-.     2    "    13    *' 

Making  iidcAi  gain  for  the  ttetlrited  puf  (black)  of  lOoc,  for  the  yellow  elect riicd 
pup,  4ot 

This  wc  believe,  was  the  first  comparative  experiment  of  this  kind 
made  with  the  faradic  current.  Subsequently,  Dr.  Beard  repeated  Ihe 
experiment  on  a  titter  of  three  rabbits.  Two  were  faradized  every  other 
day ;  to  the  other  no  treatment  was  given.     At  the  end  of  six  weeks  ilie 
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one  not  treated  was  visibly  larger  than  cither  of  those  that  were  treated. 
Wc  explained  this  unexpected  result  by  the  thcor)'  that  the  current  had 
been  used  too  strong  and  too  long  for  the  young  and  delicate  animals. 
The  expcriiiicni  was  carried  on  while  we  were  iu  the  couuuy,  and  the 
details  were  intrusted  to  those  who  were  utterly  incompetent  for  thcii 
duties.  The  directions  given  were  to  put  the  feet  of  the  rabbits  iu  a 
basin  of  tepid  water,  and  after  well  moistening  (he  back  of  the  neck  to 
pass  the  current  through  for  ten  minutes;  on  account  of  the  non-con- 
ductivity of  the  dry  Iiair  of  the  rabbit,  general  faradization  was  almost 
impossible. 

Legros  and  Oninius  electrixed  with  the  galvanic  current  some  pup- 
pics  for  a  quarter  of  an  hour  every  day,  by  placing  one  of  the  fore-paws 
and  one  of  the  hinder  pa*-*  in  tepid  water  connected  with  the  elec- 
trodes. At  the  end  of  six  weeks  those  that  had  been  electri/cd  weighed 
more  than  the  sanie  lot  that  had  not  been  electrized  ;  and  this  differ- 
ence was  perceptible  to  simple  intpection  ;  one  was  galvanized  widi  tho 
ascending,  and  the  other  with  the  descending  current 

The  effect  of  faradization  on  nutrition  is  powerfully  illustrated  by 
the  experience  of  those  wbo  habitually  or  fi^qucntly  apply  general  fara- 
dization through  their  own  persons,  taking  an  electrode  in  one  hand, 
and  applying  the  other  to  the  body  of  tho  patient.  In  this  method  the 
current  pai^ses  through  both  amis,  and  vigorously  contracts  lite  muscles. 
The  pfrmanent  effects  of  the  current  on.  the  person  of  the  operator 
are : 

t.  To  cause  very  marked  and  sometinus  rapid  growth  of  the  muiila 
if  the  arms. 

The  explanation  cf  this  phenomenon  is  sufficiently  easy.  The  mus- 
cular cunlractiuns  that  arc  produced  by  the  current  in  its  passage 
through  the  arms  cause  increase  of  the  local  processes  of  waste  and 
repair,  and  accordingly  the  muscles  increase  in  size,  just  as  they  natu- 
rally do  under  the  influence  of  any  other  form  of  active  or  passive  exer- 
cise. This  mechanical  explanation  would  be  of  itself  sutficivnt,  but,  in 
addition,  it  is  entirely  probable  that  the  electric  current  exercises  a 
direct  and  specific  influence  on  the  ner\'e-branchcs,  which  effect  is  ex 
pressed  by  the  increased  size  and  vigor  of  the  muscles  through  which 
the  nerves  ramify. 

Dr.  Rockwell,  during  his  6rst  experimental  attempts  in  the  treatment 
of  disease  by  general  electrization,  observed  a  decided  increase  in  the 
development  of  the  muscles  of  the  arm.  It  began  to  force  itself  on  his 
attention  a  few  weeks  after  he  commenced  to  give  special  attention  to 
general  electrization,  and  at  the  present  time  it  is  fully  as  marked  as 
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ever.  Both  arms  of  each  one  of  us  have  not  only  increased  much  in 
size  by  actual  nicuurement,  but  also  correspondingly  in  strength  and 
hardness.  This  efTect  is  observed  in  the  arm  and  foreann,  but  most 
decidedly  iu  the  muscles  which,  (toia  their  position  or  nerve  supply, 
conlract  most  readily  and  vigorously  when  the  current  passes  from 
hand  to  hand,  such  as  the  deltoid,  brachialis  anticus,  biceps,  and  the 
flexors  and  extensors  of  the  forearm.  This  same  effect  has  been  noticed, 
to  a  greater  or  less  degree,  by  our  students,  and,  so  far  as  we  have 
been  able  to  ascertain,  by  ollicrs,  who  have  employed  electricity  throngh 
their  own  persons  for  any  considerable  period,  'i'his  development  of  the 
arms  seeius  to  progress  up  to  a  certain  limit,  at  which  it  remains. 

3.  A  very  gradual  hii  dtcidtd  ionic  injfuenct  on  the  systtm. 

This  effect  is  so  exceedingly  slight,  that  in  a  very  haidy  and  vigorous 
person  it  wntdd  not  be  recognized.  That  the  current,  in  passing  from 
hand  to  hand,  so  frequently  and  so  long,  shotild,  in  the  course  of  time, 
mildly  affect  the  general  system,  is  entirely  jirobable.  Like  any  other 
muscular  exercise  of  the  arms — gymnastics  and  the  use  of  the  clubs — 
its  intlucncc,  so  far  as  it  goes,  must  be  positively  toning  and  beneficial 
to  the  constitution. 

Effects  of  Electricity  on'  Bacteria. —  Cohn  has  experimented  with 
electricity  on  bacteria.*  Currents  Irom  two  pOMerfuI  elicinents,  steril- 
ized the  nutritive  solution  completely  at  the  positive  polu  in  twelve  to 
twenty-four  hours,  so  that  afterward  Ihc  bacteria  produced  did  not  in- 
crease. At  the  negative  pole  the  action  was  wt-aker,  the  liquid  not 
being  completely  sterilized.  At  neither  of  the  poles  were  the  bacteria 
killed,  aiid  when  bruugUt  into  another  muritivc  Huid  lliey  developed 
normally. 

Yeast-cells,  on  the  other  hand,  and  mycelium  fungus,  brought  into 
Ike  lii|iiid  that  wa*  sterile  far  bacteria,  increased  plentifully  at  the  posi- 
tive pole.  A  batteiy  of  five  strong  elements  killed  the  bacteria  dis- 
tributed in  the  liquid  within  twenty-four  hours  and  sterilised  the  liquid 
St  both  poles. 

Effect  fif  Electricity  en  the  Growth  fif  /Vuw/j.— The  influence  of 
electricity  on  the  growth  of  pLints  has  recently  been  studied  by  Mr.  K. 
H.  Hitdijeni.in.  of  Norwich,  England.  On  a  plate  of  gla^s  three  inches 
square,  two  strips  of  sheet-tin  are  laid,  so  as  to  almost  touch  in  the 
cenlie.  On  this  glass,  and  over  the  tin  strips,  is  spread  a  piece  of  felt 
moistened  with  rain  water.  On  its  dampened  surface  cress-seeds  arc 
thickly  strewed.   The  tin  plates  are  connected  widi  the  poles  of  a  weak 
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'.■.■■  icry  ;  the  result  is  that  one-half  of  the  felt  is  charged  with 
,  _  Mid  the  other  half  with  negative  electricity.    At  the  si Je  of  this 
X  second  t'late,  which  has  connection  with  the  battery,  and 
<ch  the  seeds  grow,  subjected  to  no  artificial  conditions.     After 
.  Uie  seeds  on  the  opposite  side  of  the  first  piece  of  felting  gave 
^[^minatioii,  and  the  hulls  were  shrivelling  up  and  becoming 
On  the  negative  side  of  the  felting  the  seeds  were  swollen,  and 
Lulls,  which  retained  their  natural  color,  were  beginning  to  burst. 
M  J  of  six  days  the  first  shoots  made  their  appearance.    Several 
i-ii^-r  the  first  shools  appeared  upon  the  second  plate.     A  strange 
oT  this  trial  was,  that  while  on  the  negative  pole,  where  there  was 
"jv  Kigii  of  stronger  development,  the  root-sprout  sank  downward 
he  moist  felling,  the  roots  from  the  positive  side  rose  upward  from 
^Uckened  and  dried-up  seeds. 
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fOSTORY  OF   ELECTRO-THERAPEUnCS. 


EUetro-Therapeutus  is  the  science  that  treats  of  the  study  of  eltctri' 
eity  in  Us  rehtion  to  disease. 

It  incliiilcs  both  Electro  ^fedicine  and  EUelr&Surgery,  or  as  the) 
are  more  coiutiioiily  teniied,  MedicaJ  nn^  Surgical  Blectrtcity.  Umlei 
Mcdica]  Electricity  are  included  Btectro-DiagHOsis,  or  EtccirQ-Paiholo^y 
as  it  is  s*'iiiicti(iies  termed,  and  Eiectro- Therapeutical  A natemy. 

The  earliest  history  of  clcctro-therapcutics,  as  of  many  other  depart 
merits  of  medicine,  is  shrotided  in  obscurity.  It  dates  back  to  a  mythi- 
cal and  [ej;endary  a^'e,  before  mankind  had  been  trained  to  habits  of 
scientific  triticisiii,  while  yet  history  was  a.  mass  of  traditions,  and  ruiiioi 
was  a  siibslicule  for  truth. 

It  is  said  that  centuries  ago  the  negrcsscs  of  West  Africa  were  accus. 
tonicd  to  dip  their  sick  children  in  water  where  lay  the  electric  fish  called 
the  torpedo.  The  remedial  powers  of  electricity  were  also  referred  to  by 
Pliny  and  DJoscorides.  Scribonius  Lnrgus,  a  physician  of  the  tiruc  of 
Tiberius,  was  accustomed  to  prescribe  the  same  remedy  in  the  treat- 
ment of  gout.  As  long  ago  as  the  days  of  Pliny,  necklaces  of  amber 
were  worn  by  women  and  children  (or  the  sake  of  their  supposed  reme- 
dial powers. 

The  mysterious  power  of  the  magnet  was  known  to  the  ancient  world, 
DUt  we  have  no  reason  to  believe  that  it  was  ever  extensively  resorted 
to  by  then)  for  the  cure  of  tlisease.  In  Europe,  during  the  middle  ages, 
the  loadstone  was  used  in  the  treatment  of  dil^ease,  and  although  its 
tucccsse.'t  were  iritling  it  aroused  the  professional  attention  and  received 
extravagant  praise  from  the  distinguished  Paracelstis,  About  the  mid- 
dle of  the  eighteenth  century,  Maxitnilian  Hehl,  of  Vienna,  and  others, 
excited  a  new  and  more  successful  interest  in  the  use  of  magnetism  in 
disease  by  the  mamifacture  and  cni|iloyinent  of  artificial  magnets. 

The  real  history  of  electro  therapeutics  may  be  divided  into  three 
eras  :  the  Era  oj  FranUinic  Electricit};  inchiding  (he  early  and  crude 
experiments  with  the  frictional  machines  and  the  Leydcn  Jar  ;  the  Era 
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pj  Galranisathn,  beginning  with  the  publicarion  of  the  discovery  of 
Calvani,  in  1791,  ami  including  ihc  invention  and  medicfll  employment 
of  the  voltaic  pile  ;  the  Era  0/  FaraMsathn,  beginning  w-iih  the  discov- 
ery of  induction,  in  1831-32,  and  including  all  that  has  since  been  a& 
com|)lii>hed  in  the  department  of  localized  and  general  elecLiizaiion. 

in  the  first  cia  only  franklinie  electricity  was  used,  because  it  was 
the  only  form  that  was  known;  in  the  second  era,  both  franklinU 
electricity  and  galvanism  were  used,  since  the  latter  supplemented,  but 
not  entirely  supplanted,  tlie  former  ;  in  the  third  era,  all  thrci;  f<imv>t  of 
electricity — franklinie,  galvanic,  and  fcuadic — were  brought  into  requisi- 
tion, though  the  use  of  franklinie  is  coufuied  to  a  few,  and  will  proba- 
bly &OOD  become  historic. 

The  Era  of  Franklinie  Eltftricify. — The  records  of  this  era,  though 
not  extensive,  arc  yet  both  interesting  and  suggestive.  It  is  probable 
that  in  this,  as  in  the  second  era,  very  much  was  attempted  and  even 
Eccompli^cd  in  this  depanuieiu  that  has  never  been  recurded  in  per- 
manent luedical  literature,  and  therefore  couLd  never  become  of  value 
to  science. 

In  1730  F.llenne  Grey  first  observed  divergence  of  the  hairs  in  aa 
isolated  subject  put  in  communication  with  static  electricity. 

The  same  experiment  was  repeated  by  .A.bb<i  Nollei  and  Du  Fay. 
I)u  Fay  observed  the  electric  sparks  drawn  from  the  isolated  snhject. 

NoUet  says,  "I  shall  never  forget  the  surprise  which  the  first  electric 
gpark  ever  drawn  from  tiic  human  body,  excited  botli  in  M.  Du  Fay 
■od  roj-sclf." 

Sparkt*  were  then  drawn  from  the  body  in  various  shapes— one  of 
which  was  called  the  electrical  kiss  ;  other  forms  were  known  as  the 
"electrical  star,"  "electrical  rain,"  and  so  forth.  The  drawing  of  the 
sparks  coustituted  a  great  source  of  amuseiueot  iu  the  society  of  the 
period- 

In  1743  K.ruger  d'HelmMadt  suggested  that  these  electric  sparki 
might  be  made  of  service  in  therapeutics. 

In  1744  Kratienstcin,  a  German  physician,  recorded  a  case  of 
cure  of  paralysis  of  the  lingers  by  sparks  drawn  from  &  fricitonal  ap< 
paratus. 

In  1746  the  discovery  of  the  properties  of  the  Leyden  jar  by  Mu»* 
chenbioek  gave  physicians  a  new  means  of  using  electricity  in  the 
treatment  of  disease. 

In  1749  Jailabcrt,*  of  Geneva,  published  a  treatise  on  the  raedlcal 
□se  of  electricity,  in  which  he  reported  a  cure  of  long-standing  poralysii 

•  Exfrritncti  tur  EUeMtit/,  PArb,  IJ47. 
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of  the  right  arm,  resulting  from  Injury,  by  electric  sparks.  Tlie  awe 
was  brought  about  in  two  or  three  months,  and  may  perhaps  be  re- 
garded at  the  first  decided  and  unfiucstioned  result  of  the  kind  that  was 
obtained  in  the  early  daj-s  of  eleclro-therapeutics. 

1750  Ncbel  showed  that  contraction  of  the  muscular  tissue  was  prc»- 
duced  by  electriiation. 

Bohadtch,  of  Bohemia,  also  recommended  electricity,  especially  for 
the  treatment  of  hemiplegia. 

In  1753  Lindhult,  a  Swedish  physician,  reported  a  cure  of  epilepsy 
by  electrjdty. 

In  1 754  Snlzcr  made  bis  famous  experiment  on  the  tongue  with  zinc 
and  copper  platca.  (Sec  Electro- Physiology).  He  did  not,  however, 
pur<^ue  his  experiments,  and  it  was  reserved  for  Galvani  and  Volia  to 
discover  galvanism. 

In  1 755  De  Hlen  reported  a  Urge  number  of  electrical  aires  of 
paralysis,  sjiasmodic  and  other  nervous  affections,  and  also  of  suppres 
sion  of  the  menses,  and  St  Guy*e  dance.  About  this  time,  also^ 
Schaeffer  and  Ncbel  published  cures  of  rheumatism,  toothache,  hj-po- 
chondria,  paralysis  of  the  optic  nerve,  and  of  intermittent  fever  and 
neuralgic  pains.  Between  1750  and  1757,  cures  of  paralj-sis  were  re- 
ported by  IVydone,  Benholon,  S,iiivages  of  Montpelier,  and  Spry,  the 
latter  of  whom  cured  a  case  of  lockjaw  and  paralysis. 

The  position  that  electro-therapeutics  held  at  that  time,  and  the 
hopes  that  were  entertained  of  it,  is  very  well  represented  in  a  little 
treatise  by  the  eminent  divine,  Rev.  John  Wesley,  entitled,  The  Desid- 
eratum ;  or^  EieetrUiiy  Matte  Plain  and  Useful,  by  a  Loi'tr  0/  Mankind 
and 0/ Common  Sense,     1759* 

In  this  treatise  the  author  anticipates,  in  a  sort  of  theoretical  w.iy, 
ver)'  much  that  has  since  been  demonstrated,  both  in  electro-physics  and 
electro -thcrapcu lies,  and  with  surprising  accuracy.  In  the  preface  he 
acknowledges  his  indebtedness  "  lo  Mr.  Franklin  for  ihe  speculative 
part,  and  to  Mr.  Lovett  for  the  practical."  He  also  mentions  as  authori- 
ties, Dr.  Haadley,  Mr.  Wilson,  Watson,  Freke,  Martin,  Watkins,  and 
the  Monthly  Magattne,  whence  we  may  conclude  that  even  at  that 
early  day  the  subject  was  exciting  much  interest,  but  more  among  the 
laily  than  in  the  prnfcssion. 

From  the  tone  of  the  book  it  is  clear  that  the  Faculty,  as  Wesley 
calls  the  profession,  were  disposed   to   despise    electro-therapeutici 


*  Thli  Irnltse  hai  been  recently  repuMl^ed  by  Batlli^,  TindaU  &  Cox.    Londoi^ 
1871. 
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and  to  reject  its  claims,  as  they  have  been  ever  since,  until  mthin  a  few 
.yeirs,  and  consequently  they  suffered  what  was  really  valualile  in  roedi- 
-cine  la  Iw  nmiiopoiized  by  the  laity. 

The  mind  of  Mr.  Wesley,  as  the  world  knows,  was  of  the  practical 
sort,  and  in  this  trcatiBe  he  docs  not  suffer  himself  to  be  carried  away 
into  gross  hyperbole  or  serious  untruth.  He  expressly  disclaims  any 
idea  of  regarding  electricity  as  a  panacea,  but  says  what  we  now  know 
to  be  true,  th.it  it  is  indicated  in  a  wide  range  of  disorders  ;  but  that  if 
any  one  agent  should  ever  become  a  panacea,  electricity  stood  the  best 
chance  of  being  that  agent. 

Evidently  ignorant  of  Franklin's  invention  of  lightning-rods,  in  1775, 
he  .suggests  that  buildings  and  ships  might  be  saved  from  the  effects  of 
lightning,  by  "  upright  rodsof  iron,  made  sharp  as  needles  and  gilded  to 
prevent  rusting,"  and  connected  with  the  earth.  He  further  suggests, 
that  the  northern  lights  are  of  electrical  origin. 

HcgivcB  die  following  list  of  diseases  in  which  electricity  is  of  service, 
with  a  number  of  illustrative  cases,  most  of  which  arc  very  imperfectly 
detailed.  It  will  be  observed  (hat  most  of  these  diseases  are  still  treat- 
ed  electrically,  and  with  greater  or  less  success.  It  seems  from  the  list 
that  the  treatment  of  diseases  of  the  skin  by  electricity  is  simply 
another  attempt  to  effect  what  was  accomplished  with  success  more 
tlian  a  cenlur}*  aga 

All  these  conclusions  of  Wesley  and  his  contemporaries  were,  how^ 
ever,  ba»ed  on  experiments  made  with  franktinic  electricity.  The 
world  was  to  wait  forty-one  years  for  the  Voltaic  pile,  and  seveaty-two 
years  for  Faraday  to  discover  induction. 

"  Ajpie*,  St.  AiulionyV  Fire  ;  BHrnlnew,  even  from  a  Gtttu  Serena  j  BlooJ  Extn- 

lied;  Bronch'>cetei  Cliloro^U;  Col^nets  in  tbe  Feet ;  Con^mpiion  ;  Coniraction 
Bf  lbs  IJicbs;  CTJimps:  Deafne&t;  Dropt^y;  Epilepsy  :  I'^ccl  violcnlly  dlu^rdered; 
Pdans;  Kiitulii  Lacninalu  t  Gant ;  Gravel;  Headache;  HyKlericK;  InHomina* 
lions  1  Kin^SEtril;  Knot*  In  the  Flesh;  l,atneneM;  Ijtpra^;  Morlfficntian  ;  Pain 
in  the  Back,  in  ibc  StomsKh ;  Palpitstioiu  of  the  Heart ;  Paliy ;  PlturUy ;  Rheu- 
Balhia;  RicigwOTim;  Scialica;  Sbingle*;  SpraJo;  Sore  Keet ;  Sircllii)g«  uf  all 
kind*;  Throat  «ore;  Toe  hurl  ;  Tooth-achc ;  Wen." 

In  176J  Watson  cured  a  case  of  general  tetanus  in  a  young  girl  of 
Eeren  years.  Although  the  fame  of  the  cures  wrought  by  electricity 
attracted  crowds  of  invalids,  yet  by  the  ignorant  and  superstitious  it 
was  confounded  with  witchcraft,  and  the  aid  of  the  priest  was  invoked 
to  save  them  firom  its  baneful  influence.* 


•  A  Trralist  on  .\fiJirai  Etectridty,  Theorelieal  and  PraetitaJ      By  J.  Altbav^ 
MJ>.     1S70,  p.  2S4. 
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Alibi  Sans  published  a  work  on  the  medical  use  of  clcctncitj-,  and 
recorded  imiiortant  cure*.  According  to  this  authority,  ihere  were 
Kvcn  different  methods  of  craploj-ing  static  electricity — "an  electric 
bath,  drawing  sparks,  by  irroration,  friction,  insufflation,  exhaustion,  and 
conimoiion."  Injurious  and  ncyaiive  as  well  as  favorable  results  were 
sometimes  reported  Thus  Dr.  Hart  brought  on  paralysis  in  a  girl, 
and  Abb6  Ma/,ras  excited  epilepsy  in  one  of  his  patients.  Benjamin 
Franklin  failed  to  cure  the  inv.ili<)s  that  flocked  to  him  after  his  great 
discovery,  and  Abbfi  Nollet,  tifter  many  years'  experience,  was  com- 
pelled to  admit  that  he  haJ  seen  bm  Uttle  pernianeni  benefit  from 
electricity. 

Symptoms  only  trtated  in  these  early  Experiment!. — In  these  early 
and  many  of  tlie  later  experiments,  not  disease,  but  the  results  of 
disease,  were  both  studied  and  treated.  When  electricity  was  applied,  it 
was  to  the  »jTnploir«  and  not  to  the  pathological  condition ;  hence  the 
enormous  blunders  and  frequent  failures  of  the  early  electro-therajwn- 
tists.  The  symptoms  most  treated,  and  in  the  treatment  of  which  the 
greatest  hopes  were  entertained,  were  blindness,  de-ifness,  paralysis  of 
luotion,  syiiipcoiiis  which  are  now  known  to  depend.  In  veiy  many  in- 
stances, on  paihotogLcal  states,  which  are  in  their  very  nature  as  incurable 
as  death  itself.  Still  further,  the  applications  were  made  to  the  scat  of 
the  symptoms  exclusively,  instead  of  to  the  seat  of  the  disease,  and  this 
mistake  helped  to  swell  the  number  of  the  failures. 

Ph)-sioIogy  and  pathology  bad  not  yet  reached  that  degree  of  strength 
and  breadth  of  surcness  to  furnish  good  foundation  on  which  to  erect 
the  science  of  electro-therapeutics,  and  wiihal  the  appliances  for  gene- 
rating electricity  were  bulky  and  untrustworthy. 

ElcctTo-therapeutic»  was  therefore  baffled  in  its  first  attempts  at 
growth,  through  lack  of  needful  support  from  allied  and  fundamental 
sciences  ;  it  must  wait  for  physics,  for  physiology,  for  pathology  to  come 
to  its  rescne,  which  in  due  rime  they  have  done  and  arc  now  doing. 

In  1773  and  1778  Maduyt  presented  memoirs  *  f  on  the  subject, 
in  which  he  affirmed  in  his  report  that  electricity  was  a  remedy  of  vast 
and  varied  powers;  that  it  had  a  po«tivc  and  very  benefida)  influence 
over  nutrition  ;  and  that  it  equalised  the  circulation,  materially  affected 
the  pulse,  the  perspiration,  and  the  secretions ;  and  was  surprisingly 

*  Mein.  niT  Ics  cflets  gcn^mu*,  la  nature  et  l'uct)fe  i1u  fluiile  ^Icclitqutt  consd^rj 
ramtae  m^licainenl.     Lu  en  it^cembre,  177S,  i  Ia  Socijt^  tn-pAe  de  m^lccinc. 

f  Mem,  «ur  Ice  (ilFCfircntcs  miini^m  d'sujminittrcr  1' electricity,  eC  obMrvaiions  nu 
tn  elTcii  que  oca  divert  Rtoreos  onl  ptodulti.  Lu  ea  d^cembrc,  1783,  k  la  Soviiiii 
r"y»k  'le  mrdednci 
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efficacious  in  the  treatment  not  only  of  paralysis,  but  also  of  oihrr  con 
ditions,  sucli  as  consliiiatioii  and  {^deina.  This  report  aroused  con- 
siderable interest  in  electro-thcjapeutics  on  the  part  of  the  profession. 
and  for  a  season  the  applicaiinn  of  frnnklinic  electricity  became  exten- 
sively popular.  In  1777,  Cavallo  published  a  work  •  which  excited  con- 
nderable  attention.  He  reported  cures  of  epilepsy,  paralysis,  chorea, 
deafness,  blindness,  rheumatism,  glandular  enlargements,  and  recom- 
mended  etectiicity  as  a  means  of  artificial  respiration. 

On  the  theory  that  medical  substances  might  be  combined  with 
electricity,  Pivati,  of  A'enice,  placed  in  his  electric  machine  a  glass 
cylinder,  filled  with  Peruvian  balsam,  and  Giuseppe  Bruni  affirmed  that, 
by  (he  same  arrangement,  tilled  with  purgatives,  he  had  produced  the 
same  effect  on  an  electrified  patient  as  though  the  remedy  had  been  ad. 
ministered  internally,  f 

In  17S3  Wilkinson  presented  the  results  of  some  experiments  with 
electricity  in  England.  Although  the  fame  of  the  cures  wrought  by  the 
new  remedy  attracted  thousands  of  the  people,  yet  by  the  ignorant  and 
>uper»t!tiou3  electricity  w-is  confoiinilcH  with  the  spirit  of  cvil.J 

Of  the  seven  methods  of  employing  statical  electricity  recommended 
rby  these  early  experimenters,  but  three  were  in  common   use.     These 

re,  the  electric  baih^  eUetruatian  by  sparks^  and  shocks  from  the  Ley- 
den  Jar. 

The  Era  of  Galvanitaticn. — Animal  electricity  was  discovered  by 
Galvani  in  ij86,  and  made  public  in  i7gi.  Il  was  by  the  experiments 
of  Calvani  that  Volla  was  stimttlated  to  investigate  the  subject  ol 
electririty.  He  denied  the  existence  of  animal  electricity  which  Gal 
vant  had  discovered.  One  of  the  most  important  fruits  of  the  discus- 
sion that  arose  between  them  aod  their  respective  followers  was  the 
constniction  of  the  voltaic  pile,  which  for  many  years  physicians 
employed,  with  various  alternations  of  failure  and  success,  in  the  treat- 

*Qt  of  disease. 

In  the  period  intervening  between  the  discovery  of  animal  electricity 
by  Galvani,  and  the  constniction  of  the  pile  of  Volta,  electricity  was 
api>lied  to  the  liody  by  means  of  metallic  plates,  joined  together  by  a 
metallic  arc.  Sometimes  these  were  simply  placed  against  the  skin, 
and  sometimes  over  spots  denuded  by  a  blister.§ 

*  A  Complete  Treatbe  on  Electricity,  in  Tlieory  uid  Prticlice,  with  original  Ei* 
perintentk.     LonilrcR,  1777.     I'^-.  Medical  Elcctncltjr.     Londrea,  17S0. 

I  Atlhstii,  op.  cU.,  p.  3S7. 

X  A.  Tripler,  Muiuel  d'^lectro-tliMpie,  expos^  praitque  et  cHikiue  desappltcntioa: 
aiJAcalM  ct  chtrurgtcalct  dc  I'^lcctricitd.     Paris,  1S60.       g  Ttiiucr,  op,  cit.,  p.  a6a 
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Id  ij^i,  Behrend,  Crcve,  and  Klem  tuggesled  the  uic  of  galvanism 
is  a  means  of  distinguishing  real  from  apparent  death.  The  first 
attempts  to  make  galvanism  of  practical  service  in  the  treatment  of 
disease  were  made  l»y  Professor  Loder,  of  Jena.  The  results  of  his 
experiments  were  unsatisfactory. 

In  I79J  Hufclaiid  and  Reil  advised  the  use  of  galvani!>m  in 
paralysis. 

In  1796  Pfa.fr  advised  the  same  remedy  for  amaurosis.  None  of 
these  authorities  spoke  from  much  personal  experience.* 

In  1 797,  Alexander  von  Humboldt  f  suggested,  on  theoretical 
grounds,  (he  use  of  galvanism  in  paralysis,  rheumatic  pains,  and  dis* 
eases  of  the  eyes. 

Valli  actually  restored  to  life,  by  galvanism,  frogs  and  fowls  that  had 
been  nearly  suffocated.^ 

The  voltaic  pile,  invented  in  1800,  marked  an  era  in  the  medical  ase 
of  the  galvanic  current,  because,  with  all  its  imperfections,  it  was  vastly 
superior,  for  therapeutic  puqioses,  to  the  metallic  plates  that  had  pre- 
viously been  employed  during  the  period  which  had  elapsed  since  the 
discovery  of  Galvani.  It  was  at  once  employed  by  Loder,  in  Jena,  by 
Grapengicsser,§  Bischoff,  and  Lichtenstcin,  in  Berlin,  and  by  Haller, 
in  Paris,  chiefly  in  cases  of  paralyEis. 

In  1801,  Augustin,  of  Berlin,  published  a  treatise  on  galvanism,  in 
which  he  reported  results  of  treatment  of  paralysis  by  applying  the 
negative  pole  to  the  central  end  the  nerve,  and  the  positive  to  the 
peripheral.  Prof.  Schwab  experimented  with  the  voltaic  pile  in  cases  of 
dcaf-mutcisnt.  In  1802  Sigaud  de  la  Fond  published  a  work  in  which 
he  recommended  franklinic  electricity  for  nearly  every  form  of  disease. 
In  [804,  Atdini,  a  pupil  of  Galvant,  published  a  treatise  on  galvanism, 
in  which  he  theoretically  recooiniended  it  for  deafness,  insanity,  and 
amaurosis,  and  also  to  produce  artificial  respiration. || 

Even  during  this  era,  and  for  many  years  after  the  invention  of  the 
voltaic  pile,  franklinic  electricity  was  still  employed. 

In  1817  Dr.  Thomas  Brown,  of  Albany,  published  a  work  entitled 
"  7^/  £tAfreai  FAysieian,"  in  which  he  recommended  franklinic  electri- 
city for  paralysis,  tic-douloureux,  epilepsy,  chorea,  and  in  a  large  variety 
of  disorders. 

•  TrIpiCT,  opi  cit.,  p.  363. 

+  Vemich  ilber  die  ge'cirtc  Mu&kd  und  Nervenfojer.     Berlin,  ly^. 
\  ExpW«lce  Rir  le  gatvonlnne,  Irafluit  par  Jndclot.     PArii,  179^ 
§  Venniche    den   GalviniHnos  iiir    Heilunji    ciniger    KruilchcJten    nnjuwcndov 
Berlin,  iSot.  \  Esui  thtforique  et  expJruncoiA  tur  Ic  galvi&bmc     1S04. 
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In  tSiS  Dr.  Everett,  of  New  York,  published  something  od  the  use 
df  electricity  io  medicine  that  was  based  on  experience  that  he  had  de- 
rived with  the  apparatus  of  Dr.  Hrown. 

Io  spite  of  all  these  endeavors  on  the  part  of  scientific  men  to  give 
iiii|wrtancc  and  dignity  to  the  cause  of  elL-ctro-therapeutics,  it  filled  to 
fulfil  the  extravagant  expectations  chat  had  been  formed  of  it ;  a  reacCion 
followed,  and  it  fell  into  disrepute.  Electricity  had  been  tried  for  a 
wide  range  of  diseases,  but  partly  on  account  of  the  inconstancy  of  the 
voltaic  pile,  and  partly  through  the  ignorance  of  the  opciatorS]  it  was 
found  to  be  a  most  uncertain  remedy.  It  was  confounded  with  mes- 
merism, which  at  this  period  came  into  notoriety,  and  for  a  rime  it 
shared  its  fate. 

Many  of  ihi  early  Experiments  madtby  the  LaiSy. — Itwill  be  seen  by 
a  glance  at  the  above-mentioned  oaLiies  that  the  earliest  expeiinieau 
in  electro-therapeutics  were  made  by  the  laity.  A  science  that  now 
commands  some  of  the  best  brains  of  civilization  was  bom  among  the 
humble  and  the  lowly.  It  was  cradled  in  ignorance  and  reared  and 
fostered  by  those  who,  however  eminent  in  other  walks,  knew  Itttic  or 
nothing  of  medicine.  Chemists,  phy:iicit)ls,  prie&ls  and  paupers,  monks 
And  mountebanks,  were  in  the  eighteenth  century  the  leading  authorities 
in  electro- therapeutics.  If  there  were  those  at  this  lime  who  had  faith 
in  the  coming  of  a  belter  d-^y,  when  elcctro-thcrapcutics  shauld  be  a 
recogniicd  and  permanent  part  of  the  medical  science,  it  was  their  mis- 
fortaae  to  die  without  the  sight.  Not  until  the  close  of  the  eighteenth 
century  were  the  great  discoveries  of  Galvani  and  Volta  revealed  to  ihe 
world,  which  was  to  work  and  wait  for  at  least  half  a  century  before  it 
should  see  even  the  beginning  of  the  fulfilment  of  its  hopes.  Some  of 
the  great  sciences,  like  some  of  the  great  reUgions,  have  had  the  hum- 
blest origin. 

Of  the  early  history  of  electro-physics,  WheweU  •  thus  remarks  :— 
"At  Buch  a  period  a  large  and  popular  circle  of  spectators  and  ama- 
teurs feel  themselves  nearly  upon  a  level  in  the  value  of  their  triali 
and  speculations  with  the  more  profound  thinkers;  at  a  later  period, 
when  the  subject  is  becoming  a  science,  that  is,  a  study  in  which  all 
must  be  lefl  far  behind  who  do  not  come  to  it  with  disciplined,  informed, 
and  logical  minds,  the  cultivators  are  far  more  few,  and  the  share  of 
applause  less  tumultuous  and  less  loud.  Electricity,  to  be  now  studied 
rightly,  must  be  reasoned  upon  mathematically." 

What   Wheweil  here  says  of  cicciro-phy&ics  may  just  as  truly  ba 
Afiplicd  to  electro- therapeutics. 

*  Hittory  of  tlu  IndiKttve  Sciences,  ad  cd.,  voU  iL,  p.  300. 
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In  the  earlier  experiments,  the  philosopher  and  the  fool  were  |>rctty 
Dcarljr  on  the  sajnc  level  in  their  knowledge  of  the  application  of  ihis 
suhtlc  force  to  the  treatment  of  diseases,  with  this  advantage  on  the  side 
of  the  foot,  chat  through  the  very  excess  of  his  ignorance  he  dared  and 
ventured  where  ihc  philosopher  knew  jusL  enough  tu  fear  to  tread. 

It  was,  as  we  shall  see,  a  long  time  before  electro-therapeutics  should 
be  gradually  developed  into  a  science  of  sufiicient  posittveuess  to  com> 
mand  the  attention  of  men  of  science  for  its  own  sake,  and  to  excite  the 
de^ir  of  the  ignorant. 

Here,  as  in  all  other  realms  of  investigation,  the  developraeni  is  from 
simplicity  towards  complexity,  from  generals  to  specials,  and  from  truthl 
that  are  common  to  all  classes,  to  truths  that  only  a  few  specialists  can 
tlioroughly  master.  We  arc  reminded  here  of  tlie  beautiful  thought 
of  Thoreau.  When  reproached  for  his  excliisiveness  and  love  of  solitude, 
he  replied,  "  It  is  not  so  much  that  I  love  to  be  alone,  as  tliat  I  love  to 
soar,  and  the  higher  I  ascend,  the  company  grows  thinner  and  thinner, 
until  at  last  I  am  left  almost  alone." 

Strikingly  this  princi|)lc  has  been  illustrated  even  in  the  most  recent 
history  of  eleciro-ihempeutics,  both  in  Europe  and  America.  A  field 
now  occupied  by  some  of  the  ablest  scientists  of  Germany,  England,  and 
France,  was  fonnerly  crowded  with  lawless  intruders. 

When  we  began  to  write  on  this  subject  in  1866,  a  tide  of  in- 
quiries at  once  set  in  upon  us,  from  all  parts  of  the  country.  The 
authors  of  these  letters,  with  some  few  exceptions,  we  have  never  seen ; 
but,  judging  from  the  style  of  composition  and  the  character  of  the  in- 
quiries, they  were  as  a  rule  comparatively  ignorant,  and  belonged  to 
the  lower  strata  of  the  profession.  Letters  that  we  receive  more  re- 
cently during  the  past  three  years,  evidently  come  from  many  of  the 
best  men  in  the  profession.  As  the  science  develops,  brains  and  cul- 
ture arc  attracted  to  it.  In  our  laige  cities,  those  who  are  studying  this 
subject  are  among  the  most  promising  names  in  science. 

In  1S35,  Sarlandiire  proposed  the  employment  of  acupuncture 
needle*  b  galvanization,  so  that  the  current  could  be  more  exclusively 
and  definitely  localized  on  the  desired  nerve  or  organ.  This  method 
of  treatment  was  called  clectnj-punctiwe.*  He  used  for  this  purpose 
franklinic  electricity.  Subsequently  Magendie  successfully  experimented 
with  galvano-puncturc  in  neuralgia,  paralysis,  and  other  ner^'ous  dis- 
eases. 

The  discovery  of  electro-puncture  was  the  be^nning  of  the  science 


*  H4in.  nr  t*ftl«ctro.punctuce.     F«rii,  iSas. 
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of  cIcctro-Mirgery,  a  dcjiartmcnt  which  at  (hat  time  coniniandcd  a 
widtr  Interest  than  the  medical  use  of  electricity,  and  which  has  now  1 
most  important  posilioQ  in  science. 

Gerard  ami  Pravaz  suggested,  and  Pitrcf^uin  and  Ciniselli  sutxcedea 
in  curing  aneunsm  by  galvano-puncture.  Subsequently  galvano-cauter- 
iution  has  been  investigated  by  Stcinhcil,  MiddcldoritBT  (1859),  Amus- 
tat,  Aliliaus,  Byrne,  ourselves  ^i^^l  many  others,  ((-'or  detailed  history 
of  the  surgical  uses  of  electricity,  see  Electro-Surgery,  Chapter  I.) 

In  1826,  Raumt  publishi-d  in  I-nndon  a  work  on  galvanism,  which 
Iwo  years  later  reappeared  in  a  ilifferciit  form,  and  was  translated  into 
Freach  by  Fabre  Palaprat,  who  was  the  first  to  use  the  galvanic  current 
in  electro-puncture. 

The  Era  of  Faradization, — ^Thc  publication  of  the  discovery  of  in- 
ductive electricity  by  Faraday,  in  183  i-a,  changed  the  whole  course  of 
eleclro-thcrapetitics.  On  the  basis  of  this  discovery  electric  machines 
were  cowttructed  that  were  both  niore  reliable  and  more  convenient 
than  tlic  nnlinary  voluic  pile.  The  tirsi  magnclo-elcctric  machine  was 
constructed  by  Pixii  in  1832,  and  was  first  employed  in  the  trcatnjcni 
of  diseases  by  Neef  of  FrankforL  Afterwards  electro-magnetic  (volta- 
electric)  machines  were  conslructcd  by  Neef,  Clarke,  Sliihrer,  and 
others,  which  from  time  to  time  have  been  variously  modified  by  % 
luge  Dumber  of  experimenters  in  diflerent  countries. 

From  this  time  electricity  in  the  form  of  faradization  hcgan  to  be  ex- 
tensively and  indiscriminately  employed,  both  in  this  cotinUy  and  in 
Eorope.  It  was  used  by  the  laity  as  well  as  by  the  profession,  though 
at  first  without  any  recognised  method,  and  without  any  very  cleai 
idea*  of  the  indications  for  which  electrization  was  adapted.  Since 
that  time  four  distinct  methods  of  medical  electrization  have  been  intro- 
duced, in  which  the  galvanic  as  well  as  the  faradic  current  have  been 
appropriated,  and  under  one  or  the  other  of  which  may  be  clashed  all 
the  applications  of  faradic  or  galvanic  electricity  that  have  since  been 
employed.  These  methods  are  hcalited /aradizaiion,  localised gahan- 
italiott,  general  faraditation,  and  central  galvaniiatian. 

History  a/  Lenalised  /ujradiuitioa. —The  history  of  localized  electri- 
'ration  is  identified  with  the  name  of  Dochenne,  whose  experiments  and 
discoveries  have  given  such  .111  impetus  to  this  important  and  growing 
department.  Duchcnnc  was  not,  however,  the  first  to  cm|>loy  localiised 
faradisation.  Prior  to  his  time,  faradization  had  been  used  by  Masson 
ia  France,  and  Neef  of  Frankfort ;  and  in  this  country  it  has  been  cni* 
i-'^loyed  by  the  profession  and  by  the  laity  from  the  period  of  the  first 

spuUrizaiion  of  machines  of  induction. 
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Even  as  early  as  1843  locoMzed /armfisa/ien  was  used  in  tins  countij 
side  by  side  with  general  faradization,  thoiigii,  like  the  latter,  it  had  re- 
ceived no  distinct  nomenclature,  and  was  indiscriminately  recommended 
and  nnscicntifically  applied.*  The  two  methods,  localized  and  general, 
were  frequently  confounded,  and  both  were  known  under  the  vague 
lerm,  "electrifying."  Duchennc's  earliest  attempt  to  call  the  atlcnuor* 
of  the  profession  to  this  subject  is  thus  recorded  in  his  own  words  : — 

"  De  I'art  dc  Umitcr  I'excitation  ^lectrique  dans  les  orgatics  sans 
piqucr  m  inciser  la  peau,  nouvclle  uiuthode  d' electrisation  appeUe  e/tc- 
trisaiioH  iocaiisee^  et  dunC  les  principes,  r^sum^  datts  une  note  adrcs*i^e 
eo  184;  il  I'Acad^mie  des  Sciences,  ont  dli  d£velopp6s  ct  publics  dans 
les  ar€hive$  geniralts  de  Medicine  en  juillct  ct  aoAl  1S50,  et  ftvricr  ct 
mars  1851."  In  1855  he  published  his  chief  work,  "  De  1' Electrisation 
Localis(e,  ct  de  son  Application  k  la  Pbysiologie,  6  la  PathologJe,  et  & 
la  Thifrapcntiqiic." 

This  work  became  known  to  the  profession  in  Germany  through  the 
abridged  translation  of  Dr.  Erdmann. 

The  leading  idea  of  the  method  of  localised  faradixation  of  Du- 
chennc  waii,  that  the  current  can  be  localixcd  over  a  fixed  foint  under 
the  skin  if  we II -moistened  conductors  are  strongly  prtssed  upon  (ke  skin. 

He  observed — what  is  perfectly  familiar  to  all  experimenters  in  elec- 
tro-therapeutics— that  when  dry  electrodes  are  aijplied  to  the  dry  skin, 
sparks  with  a  crackling  sound  are  produced,  but  no  sensation  and  no 
muscular  contraction.  He  observed  that  when  the  electrodes  are  well 
moistened,  conUactions  are  excited  iu  the  muscles,  with  the  phenomena 
of  sensation. 

He  recommended  three  forms  of  electrodes — solid  metallic  elec- 
trodes, metallic  brashes,  and  the  hand. 

On  these  observations  and  experiments  Duchenne  based  a  S)-steni  of 
electro-therapeutics  and  electro-diagnosis  which,  as  since  reliiied,  de- 
Tclopcd,  and  modified  by  himi^clf  and  by  numerous  other  laborers  in 
various  countries,  has  now  grown  into  a  permanent  department  of 
science. 

Localized  fara>dization  was  appteciated  by  electro-therapeutists  more 
rapidly  than  some  of  the  other  metho<ls  of  using  electricity,  as  elcctro- 
lyzation,  general  faradisation,  galvano-cautery,  and  central  galvanira- 
tion,  for  the  reason  that  it  is  the  easiest  learned  of  all  the  methods  and 

*  In  Pike's  Cstilo^e  of  Matliem^lica],  Optical,  and  Philosophiail  ItiBtritraenta, 
t&t^  there  is  »  cut  of  the  ru-xdic  ftppsTatuM  ihftt  hiu!  t>cai  in  use  lor  live  years  by 
these  early  eKpcrimenlcriL  The  Mine  work  kIki  contsin*  a.  cut  [lluiiDLiLDg  thdi 
SWthod  *f  locati/cd  Utailiution  of  the  leg. 
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requires  only  the  simplest  and  cheapest  form  of  battery.  To  b«  an 
expert  in  it  requires  a  degree  of  skill  and  experience  and  manual  facil- 
ity. OS  well  as  familiarity  with  the  diseases  for  which  it  is  indicated,  and 
tome  knowledge  of  electro-physics  and  electro-physiology  are  of  essen- 
tia] lenrice ;  hut  in  none  of  these  respects  is  this  method  as  exacting 
as  anf  one  of  the  others. 

HeiKe  it  is,  that  localised  laradization  is  the  method  with  which 
novices  usually  begin  their  experiments  in  this  branch,  and  it  is  the 
BMlhod  which  by  the  mass  of  the  profession  is  now  more  used  than 
«iiy  other. 

Among  specialists,  however,  of  all  counlrieii,  localiicd  galvanimtion 
it  Bore  used  than  localizcil  faradization,  since  it  meets  on  the  whole, 
m  cipcrieoce  shows,  a  larger  range  of  indications. 

MKstfirjt  cf  Loeaiittd  Galvanisation. — One  of  the  ablest  and  most 
pnitniacot  of  those  whom  the  writings  of  Duchenne  inspired  to  enter 
cpoD  the  study  of  elcctro-thcrapeutics  was  Professor  Rcmak,  of  Berlin. 
His  first  work,  "  Uebtr  Mfthtfdische  EUdrisirurtfi  GelUhmter  Afaskfitt" 
"  Oft  the  Methodical  FJectrization  of  Paraly/ed  ^^uscles,"  was  pub- 
liibrd  in  1S55.  In  this  work  he  revived  and  recalled  the  attention  of 
the  profeuion  to  the  foivaitif  eurrgnt,  and  he  furthermore  announced 
thai  in  order  to  hriog  a  muscle  to  complete  contraction  it  is  betlet  to 
exdfe  its  motor  nerves  than  to  allow  the  current  to  operate  on  the 
mascuUr  substance  itself  His  second  work,  "  GalvoHp-Therafif  tUr 
/ftrvfn- and MMiktl-Kmnkheiten"  was  published  in  1858. 

Bemak  became  the  founder  of  a  bcIiooI  oT  elcctro-Iherapeu  lists  in 
Ccnnaii|>,  j«  Duchcnne  had  been  in  France.  Their  systems,  as  has 
Iwen  laid,  differed  in  two  important  particulars.  Both  used  localitei 
dectriiation.  Docbenne  used  the  faradic  current,  making  the  applica 
tioot  to  the  muscles ;  Retnak  used  tlie  galvanic  current,  making  the 
«ppUcatiou  to  the  motor  nerves. 

Duchenoc  declared  that  the  galvanic  current  was  useless  for  the 
truiiueDt  of  disease,  while  Remak  contended  that  it  was  the  only  car- 
ITM  that  was  </  any  value.  Duchennc  was  unwilling  to  admit  the 
reality  nf  the  discoveries  of  Remak,  and  Rcmak  as  emphatically  re- 
jected ibe  conclusions  of  Duchcnne.  Both  enforced  their  statements 
by  the  resaks  of  experiments,  and  both  appealed  to  experience. 

It  b  DOW  well  recognitcd  by  all  electro-tlicrapcutists  that  there  ¥ras 
tr«th  OA  both  sides  of  this  interesting  controversy — that  the  galvanic 
and  £uadic  cutreati  are  both  of  service  in  the  diagnosis  and  treatment 
of  disease,  and  that  too  in  more  than  one  mode  of  application.  We 
tarn  see  tluu  if  Duchennc  was  too  dogmatic,  Rcmak  was  too  cxtrava- 
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gant,  but  that  both  of  them,  by  their  experiments  and  labors,  were  at 
positive  service  to  science,  and  made  the  way  easier  aad  safer  for  those 
who  have  since  followed  them  in  the  department  of  localized  clectn/.a- 
tion. 

Rcmale,  shortly  bufore  his  death,  ptihlishcd  a  work  entitled  "  Appli- 
caiion  ttt.  Courant  mns/an/  au  jyaitemtnt  des  Nirroses"  Paris,  1S65, 
which  coLtaincd  the  leading  ideas  of  his  system,  and  has  been  the  means 
of  stimulating  many  other  experimenters  in  ihjs  difftcitlc  depiitment 

Rcmak  did  more  than  merely  introduce  the  galvanic  current  to  the 
profession — he  discovered  and  recommended  special  applications  of 
the  currt-'nt,  and  suggested  the  thcorj-  of  its  catalytic  action.  He  was 
the  first  to  scientifically  investigate  localized  galvanization  of  the  cer- 
vical sympalhetic,  of  the  brain  and  spinal  cord,  and  thereby  greatly 
widfncil  the  sphere  of  elcciro-therapciitics.  Although  at  first  his 
theories  were  scouted,  and  his  stateniects  discredited,  yet  since  his 
death  they  have,  in  the  main,  been  strikingly  confirmed,  and  are  now 
■egartled  as  accepted  facts  in  science. 

Even  during  this  last  era,  franklinic  electricity  has  been  by  no 
.::eans  laid  Eiside.  In  1S47,  Dr.  Golding  Bird  published  very 
r-marVabk*  reaulia  obtained  in  the  treatment  of  amcnorrhcca  by 
italic  eleclricity.  in  Gu/s  Hospital.  He  made  use  of  a  Lcydcn 
}ir.  Franklinic  electricit>'  has  been  succes'Sfully  used  by  Drs.  Gull 
ind  Clement.  It  has,  for  a  number  of  years,  been  successfully 
employed  by  Dr.  Radcliffc  and  others,  in  the  I^ndon  Hosjiilal  for  the 
Paralyred  and  Fpileptic.  Quite  recently  Prof.  Schwanda,  of  Vienna, 
has  reported  suggestive  results  from  franklinic  electricity  generated  by 
Holtz's  eleclrophorus  machine.  Dr.  Arthius,  of  Paris,  has  recently  pub- 
lished a  work  on  the  subject ;  this  has  been  translated  by  Dr.  Leveridge, 
of  Chicago. 

Within  the  past  fifteen  years  localized  faradisation  and  galvanization 
has  been  developed  and  improved  in  France,  in  Germany,  in  England 
and  America,  by  a  nunibcr  of  able  and  laborious  men  of  science. 
Among  the  voluminous  authors  in  this  department  may  be  mentioned 
the  names  of  Meyer,*   BecqHerel,f  Haicrlachcr,!   Althau5,§  Tripier,] 

*  Die  ElKlridlat  in  ihrcr  .'^nwendung  tuf  praktiicb«  Hcdictn.  Uertin,  1S54  and 
tS68.     Truidfttcd  hy  t)r.  HnmTnond. 

I  Trait*  tiw  opilication* ile  I'electricitrf  2  In  Th^rapeulifiue,    P«ri«,  tSj;. 

t  Dir  Indtictiun^Elcctiicitiil  in  pli)idolo);iftch-t!ierapcutuch«:r  Beneliung.  Niirn. 
oerg,  1857. 

g  Treatite  on  Medical  Electricity.  London,  1859,  Lateit  edition,  1873.  Gftl* 
ronbm  in  Paralysis,  Nourolgia,  etc.,  1S66. 

I  Manuetd'Eleciroth^pic     Pnris,  Itt6l. 
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Rosenthal,*  Frommholdf  Zieinssen.J  Ganatt.g  Benedikt,||  Brenner.l" 
Cyon.** 

History  ef  Central  Faraditation. — In  general  farad i/:ation  the  aim 
U  to  bring  (he  whole  body  under  the  influence  of  the  faradic  current,  so 
lar  as  is  possible,  by  eicternat  apiilicntion. 

The  origin  of  general  faradization,  like  that  of  localized,  is  somewhat 
uncertain,  since  it  is  difficult  to  dcternuDe  how  long  it  was  used  by  the 
laity  before  wc  formally  introduced  it  to  the  profession.  It  is  certain 
that  both  methods  have  been  in  i»opular,  and,  to  a  certain  extent,  in 
professional  use  in  America,  from  a  period  not  long  subsequent  to  the 
popnlari ration  of  the  discovery  of  induction,  certainly  a  long  time  be- 
fore they  were  inlroducc<l  to  the  profession.  One  of  the  first — and 
probably  the  very  first — to  employ  a  form  of  general  faradization  was 
Williaiti  Miller,  of  New  York,  who  began  the  empirical  use  of  this  sys- 
tern  of  treatment  in  1S43.  Since  that  time  some  form  of  general  far< 
adization  has  been  employed  by  Sherwood,  of  New  York  ;  Dr.  W.  Dcm. 
ming,  of  Portland  ;  Drs.  Garratt,  Cross,  and  Guthrie,  of  Boston  ;  Dr. 
Wells,  of  Rochester,  N.  Y,  ;  Drs.  Page  and  Chinning,  and  by  a  very 
large  number,  both  in  the  profession  and  out  of  it,  of  whose  names  and 
special  methods  but  licde  is  known,  since  they  have  taken  Imt  little  pains 
to  establish  the  treatment  on  a  scientific  ba^,  or  to  introduce  it  to  the 
attenticu  of  the  ptofemion.  Many  of  these  practitioners  combined 
locaiiicd  with  gcnerxl  faradiialiou,  and  some,  perhaps  the  majority,  em 
ployed  the  latter  exclusively,  though  with  little  definilcncss  or  precision. 
Although,  as  has  been  said,  some  of  these  early  experimenters  were 
educated  physicians,  the  majority  were  ignorant  not  only  of  medicine, 
but  of  every  other  depaJT^^ent,  and  not  a  few,  unfortunately,  were  as 
un|mnci{jle<l  as  they  were  ignorant. 

Although  many  of  these  experimenters  were  laymen,  although  they 
bad  no  part  nor  lot  in  the  realm  of  science,  and  althonsh  many  of  them 
were  as  devoid  of  conscience  as  of  intellect,  yet  wc  should  none  the 
less  eagerly  seek  for  and  accept  whatever  of  truth  they  may  have  stum 


"  Die  Elcelrotherapic,  ihre  Begrendung  und  Anwendung  in  der  Medkln.  Wicn, 
11(65.     Latett  c'lition,  TS73. 

f  Elcclrotlic(a]jlc  mit  bcM>i)<lcrcr  RlickucfaC  fiuf  Kcrvcn-Kruiklieiten;  vom  pnk- 
(bcbcn  Siairi'tpunkle  tkiicitt.     Pes[)i,  1865. 

X  I>ic  Elcciricitit  m  dcr  Mclidn.     Berlin,  iS£6,     Lalcfit  cijiiion,  187a. 

g  Ucdksl  Electricity.     Phthddpliia.  tl^6. 

\  Elect roth^apic     Wicn,  1S6S.     Second  edition,  1S74. 

^  UDCcTsuchungen  und  Bcobacbtungcn  auf  dcm  GeLiiete  dcr  EIcktrothcrBpte 
Leipdg.  186S  und  1S69. 

••  Principe*  d'Eleclrothiijpic.     Pari*,  1873. 
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bled  upon  or  discovered.  In  the  history  of  therapeutics  it  has  often 
been  the  fortune  of  the  ignorant  and  the  lowly  to  hit  by  chance  on 
some  great  fact  for  which  the  wisdom  of  the  ages  has  sought  in  vain. 
Says  Dr.  Stills,  "  Nearly  every  medicine  has  Ijccomc  a  popular  remedy 
before  being  adopted  or  even  tried  by  physicians ;  "*  and  according  to 
Percira,  nux  vomica  is  one  of  tlie  few  remedies  the  discovery  of  which 
is  not  the  effect  of  mere  chance.f 

Impartial  history  must,  we  think,  record  that,  before  Dtichcnne  and 
Re  malt  were  known  on  either  side  of  the  Atlantic,  before  our  more 
recent  elect ro-thcrapcii lists  had  commenced  their  professional  labors  or 
studies,  there  were  in  this  land  not  a  few  empirics  who,  by  some  form 
of  general  or  localized  faradization,  or  both  combined,  or  by  methods 
various  and  inconsistent,  and  in  spite  of  their  own  ignorance  or  vice» 
were  achieving  successes  in  the  treatment  of  disease  which,  in  certain 
features,  even  the  most  advanced  physicians  of  our  day  have  not  yet 
surpassed.  If  they  did  not  belong  to  the  chosen  ranks  of  the  profes. 
iion,  it  is  none  the  less  true  that  the  results  which  they  secured  were 
oftentimes  such  as  the  ablest  leaders  in  science  might  well  have  envied. 
If  their  methods  were  empirical,  thrir  empiricism  w.as  often  justified  by 
its  success.  If  their  nomenclature  was  imperfect  and  confused,  and 
their  diagnosis  erroneous,  yet  their  confusion  and  errors  were  not  a  lit- 
tle redecjned  by  the  skill  with  which  tliey  met  emergencies  when  the 
therapeutist  was  far  more  needed  than  the  pathologist  or  the  diagnosti- 
cian. T/it  grtat  dffict  of  these  empiries  mas  not  in  their  resuitt,  whiek 
oftentimes  were  truly  rtmarkabU,  hut  in  the  faet  that  their  getterat 
ignoranee,  and  espeeiaUy  their  ignorance  of  medieine,  rendered  it  impos- 
sible for  them  to  discriminate  in  their  eases  or  their  methods,  or  to  iniel' 
Ugentiy  communicate  their  experience  to  others,  or  in  any  •way  to  make  it 
of  permanent  value  to  science.  They  treated  all  cases  about  alike, 
without  reference  to  the  pathological  condition,  and  in  spite  of  all  theii 
successes  frequently  failed  where,  with  better  knowledge,  they  might 
have  succeeded. 

In  Europe,  so  far  as  we  can  ascertain  from  the  published  writings  on 
the  subji'Ct.  or  from  our  own  personal  observation,  the  method  of  genercU 
faradization,  as  described  in  this  work,  has  not  been  used  or  recom- 
mended,   at  least    by   men    of  science.       In    1S52,    BcckensteinerJ 

•  Therapeutics,  vol,  i.,  p.  31.  Tlie  wiin«  aullior  states  lliai  "by  far  the 
p-ciLter  numl^r  [of  medicine]  were  fvm  employed  in  countries  which  were  oad 
arc  unw  in  a  AaXe  of  scientific  l^KORUice." 

+  Haleria  McOica,  toL  ii.,  p.  336.  Hydrate  oT  Chloral  may  now  be  adiled  ta 
tUs  list.  t  E^tudet  suf  TEtectricit^     Parit,  1S59. 
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luggcstcd  ihc  kk>a  of  *'  aninializing "  staiical  electricity  by  posing  it 
through  tite  body  of  die  operator,  and  making  passes  over  or  Dear  the 
patient. 

In  1857,  M.  Dropsy*  de  Cracow  published  a  new  method  of 
I  frradiiaiion,  ihcmadus  operandi  of  which  consisted  in  connecting  an 
electrode  by  two  branches  on  the  top  of  the  head  and  the  epigastrium, 
while  the  other  electrode  was  connected  by  four  branches  with  the 
hands  and  feeL  At  each  sitting  the  pules  were  reversed.  In  1858, 
Seilerf  proposed  to  cure  coiisuinption  ai^d  many  other  obstinate  and 
inc\irab1e  diseases  by  passing  a  fEiradic  current  through  two  electrodes 
near  to  but  tiot  over  the  body  of  the  patient. 

In  1863,  GublcrJ  suggested  tlic  ircatnicnt  of  conditions  of  debiliqr 
by  placing  both  hands  and  feet  in  separate  basins  containing  salt 
water,  and  pacing  a  fciradic  current  through  the  body. 

C>ur  own  attention  was  calle;!  to  die  s^ubject  of  general  faradization 
ia  1866,  and  in  that  and  the  following  year  we  introduced  it  to  the 
profession,  describing  in  a  general  way  its  powerful  tonic  eSTects  and 
WwJtts  operandi. 

{Tlu  Mtdtcal  Use  of  EUetricity,  with  special  rffereuce  la  generat 
thetrhaticn  as  a  i&me,  &'c.     Beard  and  RockweU^  Nrut  York,  1867.) 

The  name  general  tUelrtiation,  as  descriptive  of  tliis  method  of 
treaonent,  was  first  employed  by  us  and  in  the  writings  to  which  we 
have  referred.  In  tlie  prei>ent  edition  of  this  treatise  we  restrict  the 
tenns  to  general  faradisation.,  for  the  reason  that  our  method  of 
tentrai  gahmnixaticn,  to  be  hereafter  described,  has  to  a  conslderabl'* 
extent  taken  the  place  of  ^^ir<-/-ii/ galvanization. 

Our  own  claims  in  regard  to  general  faradization  are  : 

isL  To  have  studied  the  method  as  practised  by  the  laity,  and  to 
have  improved  it,  reduced  it  to  a  system,  aud  given  it  a  scientihc 
basis,  and  to  have  shown  its  relations  to  other  methods  of  using 
electricity — in  short,  to  have  done  for  this  method  what  Duclvenne  did 
for  localized  faradization. 

2d.  To  have  intcr|>rctc<1  its  si}ccial  and  general  effects,  giving  it  a 
name,  pointing  out  the  true  rationale  of  the  method,  and  the  in- 
dications for  its  use. 

3d.  To  have  first  called  the  attention  of  the  jirofession  to  this 
laetbod,  enforcing  our  views  by  the  results  of  personal  experiments. 

*  Elect  rot  li^ra  pie  ea  Application  mSdicKle  pra.tl(jue  de  rdlectricitfe  bu^  tur  da 
iKNircaux  gifoc^dvt.     ParLi,  iS;?,  In  Svo. 
f  Calnnintioii  par  iiil!uence.     Paris,  1858. 
X  Dcl'Elcctriiation  gn^tsUc.     Biilletia  de  'I1i{;rai«uiique,  Dec,  tS6^ 
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4th.  To  have  discovered  in  our  experieiients  witn  this  method,  that 
electrization  was  a  tooic  of  great  anij  varied  cfli'Cacy,  and  therefore 
indicated  iii  a  large  range  of  cotulition*  of  debility,  and  to  have  forced 
this  fact  on  the  professional  mind  until  it  has  become  widely  accepted, 
and  has  become  the  basis  for  the  use  of  electricity  in  the  treatment 
of  medical  diseases. 

1'hc  length  of  time  req,uLred  to  make  a  thorough  application  of  genera] 
faradt^ation,  and  the  amount  of  practice  necessary  to  acqjirc  ^ill  and 
facility  in  its  eniployment,  have  interfered  Bonicwhat  with  its  ])opiiIariza- 
tioD  among  specialists  in  electro-therapeutics;  but  in  spile  of  thes« 
difficulties  the  method  la  now  used  witii  the  highci^t  iuCCcas  by  hundreds 
of  [ihysicians,  specialists  and  general  practitioners,  &c.,  and  its  popular* 
it)*  is  very  rapidly  increasing. 

In  Germany  the  method  has  been  from  the  first  received,  in  part 
through  the  careful  rtsum6  of  Prof.  Erb,  of  Heidelberg,  with  greater 
interest  and  appreciation  and  with  more  favorable  consideration  than 
in  any  other  country,  cxccplicg  perhaps  the  United  States.  Dr.  R. 
Viter,  of  the  Univcrsiiy  of  Prague,  in  his  preface  to  the  German 
UansLation  of  the  first  edition  of  this  work,  has  warmly  recommended 
the  method,  basing  his  recommendation  on  his  own  personal  experience; 
and  more  recently,  Benedict  of  Vieuna,  in  the  latest  edition  of  his  work, 
has  given  the  method  intelligent  and  appreciative  con&itk ration. 

Hutcry  ef  Central  Galvanizaiion. — The  method  of  central  galvan- 
izalioQ,  as  has  been  described  in  our  published  papers  (Electricity  and 
the  Sphygmograph,  N.  Y.  Medkai  Record,  December  15,  1871  ;  also, 
Receni  Researches  in  Elect ro-Therapeulics,  October,  1873,  by  Dr. 
Beard;  Central  Galvanization,  N.  Y.  Med.  Journal,  May,  1872,  by 
Dr.  Rockwell),  consisted  in  plating  the  nef^aiive  pole  at  the  epigast- 
rium, while  the  positive  was  applied  over  certain  pcrtiens  e/  the  head, 
ever  the  sympathetic  and  pneumogastrie  in  the  neck,  and  down  the 
whfile  length  of  the  spine  from  the  first  to  the  last  i^ertebra.  At  that 
time  we  had  used  the  method  «^th  ihc  highest  success,  in  hysleria,  in* 
sanity,  nemaschenia,  gastralgia,  dyspepsia,  and  certain  diseases  of  the 
skin,  and  since  that  time  this  method  has  been  extended  to  a  wide 
variety  of  affections.  In  some  diseases  it  has  supplemented,  in  others  it 
has  supplanted,  general  faradization  and  galvanization  of  the  cervical 
sympathetic. 

The  full  method  of  central  galvanization,  as  it  wJU  be  described  in 
this  edition  of  the  present  treatise,  was  not  stumbled  upon  by  accident, 
but  is  the  result  of  a  long  period  of  experimenting.  When  we  began  to 
use  the  galvanic  current,  we  sometimes  treated  gastralgia  and  dyspep 
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»a  by  placing  one  pole,  usually  the  negative,  in  the  epigastric  region, 
and  the  positive  on  the  nape  of  the  nock  at  about  the  sixth  cervical  ver< 
tehra.  Gradually  we  extended  the  domain  of  the  application  so  as  to 
include  (he  mastoid  fossa  and  tlic  anterior  border  of  the  sternocleido- 
mastoid  muscle,  down  to  the  sternum  on  both  siden.  Afterwards  wc 
re&olvcd  to  apply  the  positive  electrode  to  the  forehead,  still  keeping 
the  negative  on  the  epigastrium. 

Inlluenced  by  the  fact  of  observation,  that  the  lop  of  the  head  be- 
tween the  ears  was  frequently  tender  and  painful  in  hysteria  and  neur. 
Asthenia,  in  both  sexes,  it  occurred  to  us  that  this  might  be  a  good 
place  to  plant  the  electrode  so  as  to  affect  the  brain,  Another  consid- 
eration of  practiraJ  moment  was,  that  this  place  in  both  sexes  is  quite 
accessible,  even  with  the  present  methods  of  arranging  the  hair.  Look- 
ing at  the  subject  from  the  standpoint  of  anatomy,  physiology,  and 
pathology,  also,  it  was  sufficiently  clear  that  in  galvanizing  the  brain, 
the  object  should  be,  not  so  much  to  affect  the  anterior  lubes  as  the 
base  and  posterior  portion^  where  originates  the  great  cranial  nerves. 
We  soon  found  by  clinical  obsenp-ation,  that  little  dizziness  was  caused 
when  tlic  electrode  was  placed  in  this  position,  and  that  a  stable  current 
of  a  number  of  cells  could  be  borne  without  unpleasantness,  and  that 
oftentimes  a  peculiar  sensation  was  experienced,  very  different  from  the 
Stinging  and  pricking  sensations  that  arc  felt  when  the  electrode  is 
placed  on  the  forehead.  Last  of  all  wc  extended  the  application,  so  as 
lo  include  the  whole  length  of  the  spinal  column,  passing  the  electrode 
beneath  the  clol]ies  of  the  patient,  loosened  and  pulled  up  for  that  pur- 
pose. Since  the  first  publication  of  this  method  of  central  galvaniza- 
tion, wc  have  modified  it  by  changing  the  position  of  tlie  negative  pole, 
up  and  down  the  breast  and  abdomen,  so  as  to  avoid  over- irritating  the 
stomach. 

Some  of  the  processes  of  central  galvanization  had  been  used  by 
other  physicians,  long  bcfot^  we  worked  up  the  complete  method  as  he 
described.  Dr.  Allhaus  writes  us,  that  several  years  since  he  had  em- 
ployed the  first  step  in  the  process— one  pole  at  the  epigastrium  and 
the  other  at  the  back  of  llie  neck,  but  becoming  alarmed  by  unpleasant 
symptoms,  had  abandoned  it;  and  Dr.  Meredith  Clyiner,  of  this  city, 
informs  us  that  during  the  past  three  or  four  years  he  has  independently 
used  the  processes  of  central  galvanization  with  tonic  results  that  have 
been  most  pleasing. 

The  ill.fortune  of  Dr.  Althaus  was  due,  we  suspect,  to  the  fact  that 
he  used  powerful  or  interrupted  currents — a  mistake  that  we  repeatedly 
made  during  our  earlier  experiments,  a  mistake  that  is  IrcqucDtly  loade 
by  those  beginning  any  new  method  of  electrization. 


CHAPTER  IL 

CEXKRAt.  THERAPEUTICAL   ACTIOX  OT   BI.EaRlCnV. 

Elteiriiiiy  in  its  Medieat  Relaticns  is  a  Siimulating  Sedative  Ttnif.— 
The  cause  of  medical  electricity  has  been,  and  still  is,  greatly  r& 
larded  by  vague  and  incorrect  notions  of  the  position  of  electricity  in 
the  materia  medica.  It  has  been  classed  as  a  stiiiitilanl,  and  up  to  the 
tiiue  wheD  we  began  to  wiiie  on  Uie  i.iib>eci,  in  iSa6,  nearly  all  tlie 
wTitcis  on  tlic  suUjcct  had  assumed  wilhout  tjucstion  or  discussion  that 
the  sumubting  action  was  the  main  if  not  the  only  acliou  of  electricity 
The  idea  that  it  was  also  a  tonic  was  not  even  discussed.  The  6rst 
fonnal  presentation  of  the  use  of  electricity  by  the  method  of  general 
bradizaiion  a^iprared  in  a  paper  l>y  l>r.  Rockwell,  based  on  consid> 
erable  experience  and  many  experiments,  and  entitled  "  Electricity  in 
the  TreaUnent  of  Rheumatic  Affectivns,"  and  published  in  the  Medifat 
Jttiord  va  1866.  1q  lhi»  and  subsequent  papers  by  both  the  authors 
of  this  treatise,  the  tonic  effects  of  electricity  were  fully  demonstratetL 
Those  few  in  the  profession  who  used  electricity  at  all  hul  gone  rui 
fimher  than  Duchenne,  and  supposed  that  when  they  had  used  this 
agent  to  kick  up  paUicd  muscles,  llicy  had  exhausted  its  therapeutic 
iodications.  la  obedience  to  the  sajue  nanow  and  exclusive  dogma, 
electricity  was  supposed  to  be  excUiHivcly  contraindicated  in  febrile  and 
inllanimatory  affections,  and  was  supposed  to  be  of  value  only  in  a 
very  limited  range  of  subacute  and  chronic  diseases.  The  acceptance 
of  the  view  that  electricity  is  a  tonic  has  wrought  a  revolution  in 
elecuo-tberapeuttcfi.  An  agent  which  was  formerly  used  mainly  if 
not  exclusively  in  [laralysis  and  rlicuniatisni,  is  now  used,  and  with  far 
more  brilliant  hucccm,  id  hysteria  and  alTections  allied  to  it,  in  iniuinity, 
anemiA,  neurasthenia,  iii  nervous  dyspepsia,  neuralgia,  chorea,  in  the 
convalescence  from  fevers,  and  all  forms  of  pain  and  debility  whatso' 
ever. 

it  is  necessary  to  state,  at  the  outset,  that  in  classing  clectrieity  as  a 
ftiviutjtiHg  stdattvt  tem<,  we  use  the  words  in  tlie  sense  in  which  they 
ftre  ordinarily  understood  aud  employed  when  applied  to  other  reme* 
iie»  and  systems  of  treatment,  and  without  any  reference  to  the  mere 
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verbal  distinctions  that  ma/  be  or  have  been  made  in  the  clas&ficatiOB 
of  materia  mcdica. 

Stimulants  are  usualEy  understood  to  be  tho^  agents  which  quickly 
txtite  the  system,  and  temporarily  arouse  its  activity.  They  arc  hke 
ll^c  goal],  which  forces  the  exhausted  beast  to  draw  the  burden,  but 
does  nothing  to  inciease  his  strength;  or  like  the  blast  of  the  fur- 
ooce,  which  increases  the  combu&tioa,  but  adds  no  fueU  We  do  no* 
accept  this  definition,  but  would  prefer  to  regard  stimulaots  as  those 
agents  that  correct,  intensify  or  economize  the  forces  of  the  system. 

Sedatives  may  be  severally  defined  as  those  agents  that  allay  irrita* 
bility  and  pain  and  induce  natural  repose. 

Tonics  are  ordinarily  understood  to  be  those  agents  which  gradually 
improve  nutrition,  restore  enfeebled  functions,  invigorate  the  system, 
and  permanently  increase  its  capacity  for  labor. 

It  is  because  electrization  is  capable  of  producing  at  oace  the  effects 
-which  are  ascribed  Co  all  these  classes  of  agents,  that  wc  have  defined 
it  a  stimulating  sedative  tonic 

These  various  effects  are  not  always  mathematically  distinct,  but  run 
into  each  other.  The  slimtilant  effect  may  at  once  lead  to  sedation, 
and  the  pemiauent  improvement  to  nutrition  follows  after  a  long  time, 
and  is  in  part  a  result  of  both  stimulation  and  sedation. 

Of  these  three  orders  of  effects,  stimulation,  sedation  and  improve' 
ment  in  nutrition,  stimulation  is  the  one  that  is  of  the  least  importance, 
and  yet  it  is  the  one  that  first  strikes  the  observation,  and  the  one  which 
until  very  recently  has  been  regarded  as  the  exclusive  test  for  the  use 
of  electricity  in  medicine.  If  electricity  were  merely  a  stimulant  it 
would  scarcely  pay  to  us{)  it  in  the  treatment  of  disease,  for  its  range 
would  be  so  narrow,  and  the  result  of  its  use  even  in  that  narrow  range 
K>  temporary  and  unsatisfactory,  that  physicians  would  not  find  it  to 
their  advantage  to  spend  time  and  labor  in  making  the  applications. 

The  ill  success  of  all  previous  attempts  to  popularize  electro-thera- 
peutics is  to  be  exjilained  in  part  by  the  fact  that  those  who  experimented 
wiih  it  looked  upon  it  as  a  simple  stimulant  and  noUung  more,  and 
recommended  it  accordingly.  If  it  depended  on  its  stimulating  action 
only,  the  cause  of  electro-therapeutics  would  have  little  vitality.  The 
reason  why  electricity  is  now  growing  in  popularity  in  the  profession  is 
betause  it  is  found  to  relieve  aSl  forms  of  pain,  and  to  add  tone  lo  the 
system  and  improve  nutrition  after  ordinary  sedatives  or  tonics  have 
failed. 

Tonic  Effects  of  Electricity  best  elicited  by  General  Faradisation  and 
Central  Galfamtatioa. — Reasoning  from  analogy,  as  well  as  from  cxperi- 
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ence,  it  woiitd  seem  Ihat  Uic  full  effecti  of  electricity  on  the  human  l>od> 
could  only  be  obtained  by  muking  the  applications  a/i  <n'er  tki person  aii4 
en  the  central  nen^us  system  in  sueh  a  way  as  to  affeet  the  xcholt  sysleau 
The  induence  of  any  drug  or  rcnicdiil  agent  on  the  comtitulioD  ciu< 
only  be  ascertained  by  bringing  the  whole  system  under  that  influence 
A  man  wlio  habitually  washes  one  uf  his  fingers  in  cold  water  zy 
preciaies  the  Ionic  effects  of  the  cold  only  in  that  finger ;    but  a  mat 

LWho  habilualty  takes  a  showcr-bath,  or  plunger  into  a  tub  of  cold 
water,  realizes  powerful  tonic  effects  on  his  entire  Bystcm.  If  a  man 
duly  ex]K)set  one  arm  to  the  sunlight,  while  the  rest  of  the  body  is 

;.  enclosed  in  a  dark  cell,  he  receives  direct  tonic  effects  only  in  the 

'exposed  member ;  but  he  who  walks  forth  and  ex|Joses  his  whole  per* 
son  to  the  solar  raya  will  in  time  experience  the  full  tonic  effect  of  suO- 
light  on  his  system.  If  one  hand  or  one  foot  is  vigorously  and  regu* 
Urly  exercised,  the  muscles  of  that  limb  exhibrt  the  tonic  effects  of  the 
exercise,  and  increase  in  Hardness  and  perhaps  in  size ;  but  if  all  the 
portions  of  the  botly  are  vigorously  and  regularly  exercised,  all  the 
principal  muscles  will  increase  in  finnness  and  perhaps  in  iue,  and 
tonic  effects  will  be  appreciated  by  the  entire  system, 

Ju»t  SO  M'ith  all  other  tonic  remedies  and  influences.  If  quininCr 
strychnine,  iron,  arsenic,  oil,  etc.,  could  be  localized  in  a  single  limb, 

»only  diat  limb  would  be  directly  influenced  by  them.  Their  tonic 
effect  is  only  obtained  by  administering  them  in  such  a  way  that  tliey 
will  penetrate  every  portion  of  the  body. 

Electricity  is  no  exception  to  this  Uw.  In  order  to  ascertain  Its  full 
effects  on  the  Hy»tem  at  large,  and  to  determine  its  position  among 
remedies,  the  applications  must  be  made  in  such  a  vay  that  the  whole 
system  shall,  so  far  as  possible,  be  directly  or  indirectly  brought  under 
its  influence.  This  is  best  accompli&lied  by  the  methods  oi  general 
faradisati&n  and  eentral  gahanizaiion  that  arc  hereafter  to  be  ex- 
[rioincd  in  detail. 

In  making  a  detailed  comparison,  therefore,  between  the  effects  of 
electrization  and  the  effects  of  recognized  contcs— quinine,  iron,  strych- 
nine,  physical  exercise,  sunlight,  cold  bathing,  etc. — it  is  logically  neces- 
sary that  the  applications  ehould  be  so  given  that  the  whole  body 
should  be  brought  under  the  direct  influence  of  the  current,  just  as  it  is 
brought  under  the  iuiluence  of  other  recoguiied  toDics  as  ordinarily  ad> 
ministered. 

The  immediate  effects  of  an  application  of  general  faradization  and 
central  galvaniradon  are  often  a  feeling  of  enlivenment  and  exhilaration, 
drowsiness,  temporary  relief  of  pain,  and  incrca-sed  warmth  of  the  body. 
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The  same  clfcc.cs  are  notably  observed  after  the  shower-bath,  a  tumble, 
in  the  surf,  a  brisk  walk  in  the  open  air,  or  from  the  odministratioQ  of 
alcohol. 

Like  other  stimulating  toiiIcs,  general  faradizatioa  and  central  gal- 
vanization, when  given  in  an  overdose,  or  in  too  great  strength  for  the 
constttucioii  of  ihc  patient  or  the  condition  of  tlie  system  at  the  time, 
may  l>c  followed  by  ticcondary  or  reactive  effects  that  arc  both  dis> 
agreeable  and  positively  alarming.  The  second  or  third  day  after  an 
injudicious  application,  the  patient,  ei>peciall/  at  the  outset  of  treat- 
ment, may  experience  soreness  in  tlie  muscles,  an  indefmable  feeling  of 
nervous  exhaustion,  irregularity  of  pulse,  and  sometimes  exacerbation 
of  special  xyiiiplotiis.  It  is  well  known  thai  severe  physical  exercise 
will  produce  all  these  unpleasant  secondary  effects,  especially  in  pa- 
tients who  are  fecbk*  and  unaccustomed  to  niiiscuUr  exertion.  A  cold 
bath,  cither  in  the  surf  or  at  home,  that  is  too  prolonged  may  give  rise 
to  all  these  8>'mptoms  the  night  or  day  fotloiving.  Unpleasant  etfects 
may  secondarily  follow  an  overdose  of  our  ordinary  btimulaiil^  as 
alcohol,  or  from  internal  tonics,  as  iron,  quinine,  strychnine. 

The  perniancnt  eficcts  of  general  faradization  and  cculral  galvaniza* 
lion  are  as  closely  analogous  to  those  which  come  from  other  Ionic 
remedies  and  sy&tcius  of  treatment  as  arc  the  immediate  and  second- 
ary effects. 

The  very  marked  permanent  effect  of  general  faradization  and  central 
galvanization  is  improvement  in  the  sleep.  i*hysical  exercise — walk- 
ing, boating,  gj'mnostics,  bowling — cold  bathing,  and  the  ordinary 
internal  ionics  do  the  same,  though  not  so  markedly  and  with  far  less 
uniformity. 

General  faradization  and  central  galvanization  also  permanently  im- 
prove the  appetite  and  digestive  capacity,  and  regulate  the  bowels. ' 
Improvement  in  the  various  operations  of  digestion  is  one  of  the  most 
uniform  effects  of  our  ordinary  ionics,  and  it  is  for  that  purpose,  more 
perhaps  than  for  any  other,  that  tliey  are  employed. 

l.ikc  other  tonics,  general  faradization  and  central  gatvanizatioL 
equalize  the  circulation.  This  effect,  when  it  immediately  follows  an 
application,  is  nearly  the  temporary  excitement,  similar  to  what  follows 
a  rapid  walk,  or  gymnastics,  or  alcoholic  stiumlants,  ami  soon  pa.ssc3 
Rway.  But  when  it  becomes  a  permanent  condition — when  the  patient 
'■;els  Less  annoyance  from  chilliness  and  cold  extremities — it  is  a  result* 

I  of  the  imj-rovcment  in  nutrition. 
ike  other  tonic  n'eaiiures — gymnastics,  active  games,  and  outdoor 
«nicnts,  etc,  etc  —general  faradization  and  central  galvaniz.xtioQ 
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cause  the  muscles  to  ucvclop  in  sizo  and  hardness,  and  sumetiiiies, 
though  by  no  means  uniformly,  ;>rodnce  importanl  and  rapid  increase  in 
the  weight  of  the  body,  the  result  of  the  improvement  in  nutrition.  In- 
crease  in  weight  is  familiarly  observed  al'tcr  a  (rip  of  pleasure,  a  vaca- 
tion in  the  country,  a  voyage  by  sea,  and  very  frequently  indeed  from 
ttie  use  of  cod-liver  oil  and  strychnine.  General  faradization  some- 
limes  ciiiscs  the  patient  to  incrca-ie  in  weight  from  the  very  outset  of 
the  treatment,  and  to  an  extent  that  is  most  surprising. 

IaVc  other  tonics,  general  electrization,  faradization  and  central 
galvanization,  iu  iheir  ultimate  effects,  increase  the  disposition  and  the 
capacity  for  labor  of  the  braia  or  of  the  muscles.  This  is  indeed  the 
chief  end  to  which  all  tonic  treatment  is  directed,  inasmtich  as  dtniin- 
'  ished  capacity  for  labor  is  ^lerhaps  the  condition  for  which  tonics  are 
most  frequently  advised,  and  it  does  not  usually  increase  the  capacity 
for  toil  until  it  has  first  improved  the  sleep,  the  appetite,  the  digestion. 
The  siime  is  true  of  many  other,  if  not  all,  tonic  remedies. 

Experience  shows  that  general  faradization  and  central  galvaniEatioa 
are  usually  contraindicated  in  those  diseases  and  for  those  temperaments 
that  will  not  bear  any  of  the  internal  ionic*.  We  find  almost  invariably 
that  ihey  must  l>c  used  most  cautiously,  and  meet  with  their  worst  failures 
in  cases  where  quinine,  strychnine,  iron  and  siimul.anta  have  proved  to 
be  injurious. 

Whatever  difference  of  opinion  there  may  be  conceroing  the  ration- 
ale of  clectrii^ation,  or  whatever  dispute  tlieie  may  be  concerning  the 
ttse  and  the  meaning  of  the  words  stimulant,  sedative,  and  Ionic,  the 
majority  of  advanced  practical  electro-therapeutists  must  substantially 
'letidorsc  the  emphatic  words  of  Prof.  Nicmcycr  :  "  /«  Mf  constant  cur- 
rent vf  finTe  a  means  more  pennerpd  than  any  ether  of  modifying  the 
nutritive  eondttions  of  parts  that  are  deeply  situated."  * 

Rationale  of  EUetrisaiion. — The  stimulating,  the  sedative,  and  the 
tonic  effects  of  electrization  are  resultants  of  the  various  and  diverse  ac- 
tion of  Ihc  currents  on  the  tissues.  These  effects  have  been  defined  as 
nteekanical^  physieal,  eatalytie  (increase  of  circulation  and  absorption), 
eleetretonic  (inodifirarion  of  nerve),  eleetrolyt'ie  (electro- chemical  decom- 
position), and  chemiiat.  The  mechanical  effects  are  more  m.irkedly 
observed  from  the  faradic  current,  the  other  effects  from  the  galvanic 
These  terms,  considered  as  explanatioiie  of  the  action  of  electrizatioD, 
we,  it  must  be  admitted,  quite  unsatisfactory,  since  they  arc  incapable 


*  Trxt'Book  of  Practieat  Mtiikint ;  TrsuitlMion  of  Dr«.  Humphfcys  and  Hacb 
by,  vol.  ii.,  p.  290b 
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of  cxacc  and  complete  d«&niUoD,  and  must,  to  a  certain  exteDl.  include 
each  other.  It  is  safe  to  say  that  we  know  m  much  of  the  ratiouali 
of  ctcriri/ation  as  of  mnst  of  our  internal  reincdics.  (See  chapter  on 
the  subject  in  Elcctro-Physiolog)'.) 

Is  Elechicity  TraHsfm-med  into  Nerve  Force  1 — Nearly  all  of  the 
earlier  and  very  many  of  ilie  latter  experimenters  in  electro-therapeu- 
tics assumed  without  argiimcDl,  that  electricity  was  identical  with  the 
nerve  lorcc,  or,  at  Icist,  tliat  it  was  directly  tranhfonned  into  it.  Although 
the  weight  of  evidence  is  at  present  decidedly  against  the  theory  of  the 
idcnriry  of  those  forces  (see  Experimentsof  Hclmholtz),  yet  the  assiunp. 
tioii  that  chey  are  ideniica.1  or  can  be  directly  transformed  into  each 
other,  still  lingers.  The  taking  phrase,  "  Klectrictty  is  Life,"  is  con* 
stantly  used  as  the  war-cry  of  rival  instrument  makers,  and  as  the 
motto  of  travelling  charlatans,  on  the  street  corners  and  at  country 
fairs.  Whatever  future  science  may  unfold,  we  are  now  forced  to  say 
that  t^oi  only  is  there  no  evidence  that  electricity  is  identical  with  life, 
bnt  also  that  the  theory  thai  electricity,  when  applied  to  the  body,  is  ever 
directly  transformed  into  nerve  force  has  few  if  any  facia  or  arguments 
in  il.s  favor.  That  the  body  can  be  charged  with  electricity,  and  that 
the  normal  electricity  of  the  body  can  be  changed  in  character  '\%  clear 
enough;  but  it  docs  not  follow  that  such  changing  of  electrical  condi- 
tion has  any  direct  intlncncc  on  the  quantity  or  quality  of  the  nervous 
force.  Whether  galvanic  or  faradic  electricity  charge  the  body  to  any 
extent  in  passing  through  it  may  rightly  be  doubted;  if  they  leave 
more  electricity  in  the  body  than  they  found  in  il,  it  must  be  by  virtue 
of  the  direct  influence  of  the  current  over  the  nutrition.  Electricity 
is  no  more  life  than  light  and  heat  are  life.  I-ike  light  and  heat  it  may 
SRstain  life,  not  by  direct  transformation,  bm  indirectly  through  its  in- 
fluence over  nutrition.  When  ihe  light  of  the  gun  falls  on  a  plant  or 
animal,  when  arciflcial  heat  is  applied  to  a  cold  and  paralyzed  limb, 
growlh  is  stimulated  and  nutrition  improved,  bat  not,  so  far  as  can  yet  be 
demonstrated,  by  any  direct  transformation  of  light  or  heat  into  nervous 
force.  Similarly,  also,  we  have  no  sufficient  endciice  as  yet  that  the 
varied  and  marvellous  improvement  in  nutrition  that  follows  clecrriia- 
lioa  is  the  result  of  anything  more  than  the  indirect  improvement  in 
ncr\'niis  force,  which  is  a  part  and  result  of  the  general  improvement  in 
nutrition. 

In  the  time  and  manner  of  their  development  the  tonic  effects  of 
general  faradization  and  centra!  galvanization  resemble  those  of  other 
tamrs  in  these  hvo  particulars. 

I.   Theyart  Det'elo/ieii  Slcwfy. — ^This  slowness  of  development  raark« 
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a  radical  distinction  between  tonics  and  mere  sHnmtanis.  The  agree- 
able  sdmulatiiig  clfccts  wliich  inimcdialcly  follow  an  application  of 
rgeoeral  faradijiaiion  and  central  gaivanixation.  just  as  they  follow  the  use 
of  gymnastics,  walkingf  active  games,  etc.,  soon  pass  off  or  merge  into 
the  pcrnianent  or  tonic  effects  that  come  more  or  !e«s  slowly,  and 
ificr  repeated  treatment. 

a.  Tlify  arf  ajtrn  Dfvtlepfd  long  aper  the  Treatment  is  Ahandcned.— 
i^eeks  and  months  aAer  a  patient  has  taken  a  course  of  general  treat- 
ment by  general  and  central  electrization  he  may  continue  to  improve- 
in  his  general  conditiuu,  even  (hough  very  little  progress  may  havo 
been  made  while  the  applications  were  being  received.  Just  »o  the 
tonic  effects  of  a  tilp  by  land,  of  a  sea  voyage,  of  our  ordinary  summer 
vacations,  are  sometimes  not  appreciated  until  after  we  have  returned 
home,  and  are  again  fully  at  work. 

Why  were  not  the  Tonic  Effects  of  Electricity  sooner  Discovered  i—^ 
The  inqutT)'  now  very  naturally  ari.scs,  why  it  is  that  the  important  fiin- 
daniental  fad — that  electrization  is  a  powerful  means  of  improving 
nutrition,  and  capable  ol  producing  effects  on  the  constitution  similar 
to  tho»c  which  are  familiarly  obtained  from  the  tonics  in  ercry>day  use— 
,has  escaped  the  observation  of  the  very  able  writers  who  in  different 
''lands  have  devoted  themselves  to  electro- therapeutics,  until  we  called 
sitention  to  them. 

The  iniiuiry  is  thus  answered  : — 

I.  Because  most  of  the  recent  scientific  observers  whose  writings  are 
aulhoritics  in  electro-therapeutics  have  used  electricity  locally,  in  some 
fonn  of  "  healited  electrisation." 

For  obnous  reasons,  that  have  already  been  presented,  localised elee- 

iitrisatiffM  must  produce  chiefly  local  effects,  which  aithoiigh    they  are 

tonic  in  their  character,  so    far  as  they  go,  and  reveal  themselves  by 

marked  improvement  in  the  local  nutrition,  would  not  ordinarily  ffllg- 

r  gcst  the  powerful  con&titutional  tonic  powers  of  which  electrization  is 

[«apaUe  when  applied  all  over  the  body,  any  more  than    the   feeble 

ects  of  washing  the  hands,  the  face,  or  the  feet,  or  any  single  member 
or  organ,  would  suggest  or  give  any  intimation  of  the  well-known  con- 
stitutional effects  of  surf-bathing  or  the  shower-bath. 

Indirect  constitutional  effects  result  from  localized  electrization  of  the 
central  nervous  system,  and  especially  from  galvanization  of  the  brain, 
ftpine  and  cervical  sympathetic,  although,  as  will  be  seen,  tiiey  arc  rot 
u  marked  as  those  which  follow  general  faradization  and  central  gal- 
vanization. 

It  is  a  very  U'tcrcsting  and  significant  fact,  however,  that  since  the 
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introdiictioD  into  medical  practice  of  the  methods  of  localizing  the 

galvanic  current  in  the  nervous  centres  tirst  suggested  by  Remak,  elec- 
tro therapeutists  have  achieved  success  in  a  variety  of  diseases  asso- 
ciated with  debility  and  impaired  nutrition,  where  before  electrical 
treatment  was  supposed  not  to  be  indicated,  at  least  by  those  who  con- 
fined themselves  to  localiited  electrisation.*  A  euggesUvc  fact  relating 
to  this  subject  is  that  Gubter,  who  is  one  of  the  very  few  European 
writers  who  had  used  faradization  in  such  a  way  as  to  directly  affect  tlie 
whole  system,  also  remarked  tonic  effects  in  conditions  of  debility,  even 
from  his  very  awkward  and  imperfect  method. f 

2.  Because  the  immediate  effects  of  electrization  are  so  markedly 
stiriiuiating  as  to  suggest  the  idea  tliat  it  is  simply  and  oniy  a  stimulant 
or  irritant.  In  some  of  the  cases  for  whicli  localized  electrization  are 
used  the  stimulant  are  the  effects  which  are  chiefly  desired.  But,  as 
has  already  been  shown,  many  of  our  ordinary  tonics  arc  primarily 
stimulating,  and  ro  much  so  that  they  have  been  classed  as  stimulating 
tonics. 

There  is  little  question  that  if  many  tonics  in  ordinary  use,  had 
been  used  only  locally,  as  electricity  has  been  used,  they  might  have 
been  regarded  merely  as  stimulants. 

3.  Because  until  quite  recently  most  of  the  recognized  authorities 
and  writers  on  electro- therapeutics  of  modern  days  have  not  \ised 
electricity  in  those  diseases  and  morbid  conditions  where  tonics,  par 
txctUencc,  were  demanded.  They  have  used  the  agent  mainly  with  a 
view  to  stimulating  effects,  and  in  some  form  of  localized  electrization. 
On  this  principle  they  have  treated  paralysis,  rbeumatism,  neuralgia. 
etc.  As  wc  shall  demonstrate  hereafter,  besides  those  diseases  in 
which  the  efficacy  of  localized  electrization  is  fully  established,  the 
morijid  conditions  and  symptoms  for  which  electriaiation  is  most  rapidly 
and  permanently  successful,  are  precisely  those  in  which  wc  use  our 
ordinary  tonics — such  as  dyspepsia,  nervous  exhaustion,  insomnia, 
hypochondriasia,  hysteria,  general  neuralgia,  chorea,  spinal  irritation, 
and  some  forms  of  paralysis  dependent  on  or  associated  with  general 
debility. 

Fiirtherroore,  in  prosecuting  this  inquiry  wc  must  not  overlook  two 
important  historical  facts : — 

1.    In  the  latter  part   of  the  last    and    early  psut  of  the  present 

•  Vi4t  (he  wriltngsof  Rannl:,  Meyer,  Benedtkt,  Nietneyor. 

f  De  I'Electriutiaci  (^n^rale  consider^  cotninfl  agent  tonlqne  er  stimnltnt  drf. 
fudble.  BuUettH  dt  TMirafetUifue,  D^mbn,  1863.  (For  dctchpi bn  of  hii 
mcihod,  ice  pi  t4&.) 
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ccDtuiy  franklinic  electricity  and  the  current  of  the  voltaic  pile  were 
used  for  a  variety  of  diseases  for  which  we  now  use  tonics,  and  often- 
titues  with  some  success.  But  the  agent  was  used  mostly  empirically, 
without  any  de&mte  idea  of  its  nature  or  the  rationale  of  its  operation, 
Partly  on  account  of  the  inconstancy  and  uncertainty  of  the  voltaic 
pile,  and  partly  on  account  of  the  many  failures  that  were  necessarily 
inevitable  with  such  poor  apparatus  and  desultory  experience,  partly 
also  as  a  reaction  from  the  extravagant  hopes  and  promises  of  the 
earlier  experimenters,  this  system  of  treatment  soon  fell  into  disrepute. 
2.  Tonic  effects  have  been  obtained  from  various  methods  of  em< 
ploying  electricity  by  non-professional  men — charlatans  and  outsiders 
— in  the  United  States  at  least,  for  many  years,  although  very  few  of 
them  have  kr.own  or  suspected  the  nature  of  the  agent  they  dealt 
with,  or  of  the  diseases  they  have  treated. 


*S 


CHAPTER  III. 

GENERAL    5UCGEFT10N5    IN    REGARD   TO   TH£    USE    OF    ELECTRICITV 
AS   A   THUKAPKUTIC   ACKNT. 


Before  describing  in  deuil  the  different  methods  of  ustDg  elec- 
tricity, it  luny  be  well  to  offer  &ome  suggestions  of  a  general 
character  lliat  will  apply  to  all  the  different  methods  of  clcclriialioii, 
localized  and  general,  wHth  the  faradic  and  with 'the  galvstnic  curreius. 
It  is  of  the  first  importance  that  those  who  are  beginning  to  study  and 
practice  electro-tlierapButicB  shnuld  have  correct  notions  not  only  of 
the  general  i  lie  rape  iitical  action  of  electricity — the  principle  on  whidi 
it  is  used — but,  also,  of  the  general  laws  of  its  application.  Such 
knowledge  £ts  one  to  tOtelligentlj'  study  the  special  methods  of  appli- 
cation, and  the  treatment  of  the  various  diseases.  A  want  of  this  knowl- 
edge is  a  constant  hindrance,  and  not  unfrequently  utterly  discourages 
the  beginner  in  this  science. 

Central  Indications  for  the  Mfdieat  use  of  Electricity. -^Sxi  error 
that  appears  prumiiiently  in  nearly  all  the  works  on  mctlical  electricity, 
and  one  that  seriously  interferes  with  the  progress  of  healthy  and  philo- 
sophic clectrothera]Jeutics,  is  the  habit  of  treating  the  name  of  the 
disease  raiber  than  (he  eonitrtian  eif  the  system  of  which  Ihe  Kyniptoins 
arc  the  result  and  expression.  Men  ask  whether  electricity  is  good  for 
this  disease  or  that  disease  without  any  well-defined  idea  of  the  position 
that  this  powerful  agent  occupies  in  the  armory  of  therapeutics.  It  should 
be  understood  that  electricity  is  a  powerful  stimulaiin^  sedative  isnie^  and 
as  such  is  indicated  in  any  subacute  or  chronic  disease,  where  slimulaC- 
ing,  sedative  or  tonic  effects  are  indicated,  and  without  reference  to  the 
name  of  the  disease  by  which  the  condition  expresses  itself.  With  tliis 
general  principle  before  us  we  ceajc  to  wonder  that  electricity  is  used 
and  recommended  in  such  a  wide  variety  of  diseases,  many  of  them  of 
an  apparetitty  opposite  character,  and  we  see  the  injustice  of  tha,t 
crilicL^m  which  condemns  electricity  because  it  is  good  for  so  many 
*0ercnt  affections.    Just  as  quinme.  which  ii  not  a  specific  for  any 
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iisease — uoless  it  be  chills  and  fever — is  yet  used  freely  as  a  tonic  id 
an  indcfiiiite  ntiinbcr  of  diaeftses  where  tonic  effects  are  repaired,  so 
electricity,  which  is  not  a  specific  for  any  one  disease,  is  yet  used  wilh 
good  results  in  any  number  of  diseases  where  local  or  general  nutrition 
18  impaired  an<l  needs  to  be  improved.  The  indications  for  the  use  uf 
electricity  are  wider  than  the  indications  for  the  use  of  nuinine,  for 
the  thicefold  reason  that  it  has  a  powerful  sedative  action  which 
quinine,  or  indeed  any  other  single  tonic  remedy  does  not  have ; 
tfiat  its  stimulant  and  tonic  effects  are  more  decided,  and  that  its 
effects,  sedative,  stimulating  or  tonic,  can  "be  confined  mainly  to  certain 
organs,  nerves  or  muscles,  or  be  distributed  ihmiigh  the  whole  IwKly,  aa 
may  be  thought  necessary.  When  the  propriety  of  using  electricity  in 
any  medical  case  is  discussed,  the  first  i^uciitions  to  be  answered  are  : 

1.  is  Uiere  any  pain  to  be  relieved  ? 

2.  Is  there  any  need  and  chance  for  improvement  in  local  or  general 
nutrition  ? 

If  these  questions  can  be  answered  in  die  affirmative,  then  electridty 
in  some  mode  of  application  may  be  administered.  T^e  result  of  the 
treatment  will  depend  on  the  skill  wJdi  which  it  is  conducted,  on  the  nature 
.of  the  lesion  and  length  of  time  that  it  has  existed,  and  on  the  agree* 
^ment  or  disagreement  of  the  temperament  of  the  patient  with  elec- 
tricity. 
Stage  of  Disfose  when  Electrical  Treatment  is  Indicated. — Electricity  is 
indicated  mainly  for  Aubacule  and  chronic  diseases ;  at  least  the  best  results 
that  come  from  the  use  of  this  remedy  have  thus  far  not  been  obtained  in 
the  acnte  stages  of  disease.  And  yet  there  is  no  question  that  in  the 
acute  stages  of  rUeuinatisni  faradization  is  of  value,  and  there  is  reason 
to  believe  that  future  experiments  will  show  that  relief  of  pain,  of 
sleeplessness,  and  of  general  nervousness — with  perhaps  permanent 
benefit — may  be  obtained  in  the  active  stages  of  febrile  and  inJlaniinatory 
affections.  The  ctuef  theoretical  objection  to  the  employment  of 
eleciricitr  in  acute  diseases  is  the  fact  that  the  tonic  effects  of 
electrical  treatment  require  so  much  tituc  that  any  disease  that  runs 
but  a  limited  period  will  not  be  able  to  appreciate  them.  This  objec- 
tion does  not,  however,  apply  to  tlie  stimulating  or  sedative  effects : 
these  can  be  felt  instantaneously  or  within  a  few  hours  after  an  applicadon. 
Electricity  is  cenainly  one  of  the  most  potent  of  sedatives,  and  in 
'vcf^'  many  acute  affections  sedatives  arc  const.intly  indicated. 

The  old  notion  that  electricity  was  merely  a  stimulant  aided  in  forming 
in  the  professional  ruinJ  another  very  gross  error,  that  in  active  indam- 
Qiations  electricity  is  conira-indicated.      Experience  proves  every  dajr 
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&aX  the  sedative  effects  of  electricity  are  exceedingly  grateful  in  even 
the  acute  stages  of  sprains  and  diseaitcd  jnints. 

The  dognia  that  in  hemiplegia  from  cerebral  effusion  it  is  better  lo 
wait  for  several  mouths  uniil  all  ihc  active  irritation  has  subsided, 
before  beginning  electiical  trcalnient — which  error  is  yet  maintained  by 
juany  of  the  ablest  writers  on  medical  clectiicity-^oolt  its  origin  in. 
the  erroueous  conception  of  the  position  of  electricity  iu  the  materia 
nicdica. 

It  is  difficult  to  conceive  of  any  actively  inflamed  or  febrile  state, 
where  electricity,  in  the  hands  of  one  who  knows  how  lo  use  without 
abusing  it,  may  nut  be  used  without  injury  even  if  it  Joes  no  good. 

Dijfferential  Action  oj'  the  Poles,  and  of  the  Ascending  and  Descending 
Currents. — This  is  a  subject  on  which  much  has  been  thought  and  writ- 
ten, and  concerning  which  opinions  have  been  exprexKd  with  an 
absoluteness  not  justified  by  experience.  Almost  the  first  question  that 
the  beginner  in  electro- therapeutics  asks,  is,  "  Which  pole  shall  1  use  ?" 
as  thuugli  ttiat  were  the  fundamental  problem  lo  be  solved.  Another 
question  that  is  put  in  almost  the  same  breath  is,  "  Shall  the  current 
be  ascending  or  descending  ?  " 

These  queries  seem  to  the  novice  to  be  of  supercminent  importance, 
and  he  is  annoyed  that  his  instructor  or  text-book  does  not  lay  down 
such  t»>sitivc  rules  on  the  subject  as  to  set  hts  doubts  at  rest  forever.  In 
after  years,  when  he  shall  have  had  much  experience,  he  wilt  learn  these 
two  facts:  First,  tliat  tlie  question,  which  pole  or  which  direction  of  the 
current  to  uae  in  any  given  case,  is  one  of  various  complexity,  and  can- 
not always  be  solved  by  a  dictum.  Secondly,  he  will  learn  that  the  prac- 
tical therapeutical  difference  in  the  action  of  the  pole  or  of  the  ascend, 
ing  and  descending  currents,  is  much  less  demonstrable  than  he  sup- 
posed, and  that  the  special  directions  for  each  disease  are  not  at  hand. 

The  ditferencc  of  the  physiological  action  of  tlic  poles  of  the  g;i[vanic 
current,  when  applied  to  the  body,  is,  as  we  have  shown  under  electro- 
physiology^  of  a  radical  character.  It  has  specially  been  shown  that 
the  antUctrotonic  region  at  the  positive  pole  is  in  a  condition  of  dimin- 
ished, while  tlie  ccUeiectretonie  region  near  the  negative  pole  is  in  a 
condition  of  increased  irritability.  Moreover,  it  is  easy  of  demonstnu 
tion  that  tiie  negative  pole  of  botti  currents  is  more  painful  than  the 
positive,  and  this  fact,  as  we  have  seen,  enables  us  to  distinguish  the 
poles  in  cases  of  doubt,  or  when  we  do  not  understand  the  cohslruc- 
tion  of  the  battery.  Still  further  we  have  seen  that  on  the  nerves  of 
special  senses — notably  on  the  optic  and  auditory  nerves— the  polej 
have  a  differential  action  of  a  spccl&c  and  demonstrable  chatacler. 
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When  now  wc  leave  physiology  and  enter  into  the  complex  realm 
of  thcrapeulic!^  we  find  that  it  is  usually  better  that  irritable  iwrts  of 
ihc  surface  of  tlie  body  should  be  treated  mainly  by  the  positive  pole, 
'riii*  relative  position  of  the  electrodes  is  not  usually  departed  from  in 
general  faradiiation  and  central  ga  vaniration,  for  the  reason  that  the 
majority  of  case*  that  require  these  methods  of  treatment  are  abnor* 
mally  irritable. 

The  negative  pole,  being  more  irrititing  than  the  positive,  is  indicated 
when  it  is  desired  to  cause  contraction  in  a  paralyzed  muscle,  and  the 
difftrence  between  the  poles  in  producing  nmscular  conlraclioii  is  chief- 
ly a  difTercnce  of  decree  only,  since  both  poles  cause  contraction  when 
placed  on  the  body  of  a  muscle  or  over  its  motor  point,  but  with  the 
same  strenj^th  of  current  a  more  vigorous  contraction  will  be  produced 
by  the  negative  than  by  the  positive  pole. 

In  regard  to  (he  differcniial  action  of  tlic  ascending  and  descending 
currents  there  has  been  an  almost  in&nite  amount  of  shallow  observation 
and  impulsive  writing  ;  for  how  the  differential  therapeutical  or  differ- 
ential phi'siological  action  of  the  ascending  and  descending  currents  is 
to  be  rightly  discriminated  from  the  action  of  the  poles  we  cannot  well 
understand. 

The  object  of  applying  electricity  to  the  body  in  disease  b  to  r«r- 
frfft't  nuiritien,  and  nutrition  is  a  process  of  infinite  complexity ;  in- 
dce<l,  the  most  complex  and  most  mysterious  of  all  the  wondrous  pro- 
cesses of  nature.  He  who  solves  it  will  become  immortal,  both  as 
tbe  greatest  scientist  and  the  greatest  theologian  of  history,  leaving 
Newton  and  Catvin  far  behind.  The  relief  of  pain,  the  reduction  of 
tumors,  the  increase  in  sixe  of  muscles — all  these  everyday  results  of 
electrization  are  signs  of  improvement  in  nutrition,  and  it  is  impossible 
to  exhaustively  explain  them  by  aJi)'thing  we  now  know  of  electro-phy- 
siology. Any  man  who  attempts  to  base  all  his  elcctro-thetapcutical 
procedures  on  Ihc  laws  of  eleclrotonos  will  find  hiinself  involved  in  com- 
plications that  have  no  end. 

The  one  practical  rule  in  regard  to  the  poles,  which  we  have  arrived 
at,  IS  that  t}\c  positive  pole  it  the  less  irritating.  In  accordance  with  this 
nile  we  place  the  negative  pole  at  the  feet  or  coccyx  in  general  faradi- 
zation, aiKl  at  tliti  pit  of  tlie  stomach  in  central  galvanization,  so  that 
the  head,  neck,  and  spine,  and  other  sensitive  parts  affected  may  be 
under  the  influence  of  the  positive  pole. 

That  differential  effects — physiological  and  therapeutical — may  arise 
from  a  difference  of  current  direction  is  not  at  all  improbable — cer. 
lainly  no  one  can  well  prove  the  negative— but  wc  sec  no  way  of 
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demons  I  rating  such  differential  effect.  In  every  attempt  that  we  make 
the  diflcrential  paiar  effect  comes  in  to  complicate,  and  in  our 
judgment,  to  override  any  differential  effect  lliere  may  be  in  current 
direction.  Take  the  faniiliai  experinient  :  an  electrode  in  each  hand  ; 
in  one  arm  the  current  will  be  ascending,  in  the  other  descending. 
If  now  one  arm  were  differently  affected  from  the  other,  have  we  any 
right  to  nisJi  to  the  conclusion  that  such  diffcrentiaJ  effect  is  due  to  the 
&ct,  that  in  one  arm  the  current  is  aJKending,  in  the  other  descending? 
Is  it  not  far  more  piobaWe  that  such  differential  effect  is  due  to  the 
fact  that  the  positive  pole  is  in  one  hand  and  the  negative  in  the  other? 
The  differential  effect  of  the  poles  can  be  demonbtrated  in  various 
ways,  and  our  knowledge  of  it  influences  our  practice  ;  the  differential 
effect  of  cnrrcnt  direction,  if  it  be  not  entirely  a  myth,  is  to  say  the 
least  itndemonstrated. 

Take  again,  for  illustration,  the  method  of  galvanizing  the  spine.  If 
the  negative  pole  be  placed  at  the  nape  of  the  neck,  and  the  positive  at 
the  lower  end  of  the  spine,  the  current  is  ascending,  and  if  a  certain 
effect  is  produced,  or  I>elieved  to  be  produced,  such  effect  is  attributed 
to  tlie  fact  that  the  current  is  ascending.  The  upper  part  of  the  cord 
is  under  ihc  influence  of  the  negative  pole,  and  the  lower  part  of  the 
cord  is  under  the  influence  of  the  positive  pole,  and  what  evidence  is 
there  that  there  is  any  differential  action  of  current  direction  aside  from 
the  differenital  polar  action  ? 

Similar  diffictdtics  beset  us  when  we  place  one  pole,  say  the  negative^ 
on  some  indifferent  point,  as  the  feet,  or  thigh,  and  pass  the  positive 
up  and  down  the  spine.  Have  »'c  any  right  to  attribute  the  cficcl  pro- 
duced to  the  fact  that  the  current  is  descending,  when  we  know  that  the 
|iOfiitivc  pole  has  a  very  different  physical,  physiological  and  iherapeuri- 
cal  effect  from  the  negative  pole,  without  any  regard  to  current  direc- 
tion, while  we,  an  yet,  do  not  know  that  the  ascending  current  has  a 
different  effect  from  the  descending  current,  without  any  regard  to  (he 
differential  polar  effect  One  thing  is  clear  and  indisputable,  and  thai 
is  di.^t  the  differential  effect  of  current  direction,  assuming  that  it 
exists,  is  largely  overborne  by  the  differential  polar  effect.  This  is  trtic 
of  both  currents.  A  crucial  experiment  for  detemuning  the  q^ueslion  of 
the  differential  action  of  the  ascending  and  descending  cunents,  would 
be  to  experiment  on  a  piece  of  nerve  in  a  physiological  condition,  all 
Mrts  of  which  give  the  same  response  to  electrical  excitation,  and  are 

>wn  to  have  the  same  function. 

such  a  nerve-piece  could  be  supposed,  and  if  the  positive  pola 
be  placed  on  the  middle  of  it,  and  the  negative  f '>le  at  the  peri- 


GENERAL  SUGGESTIONS. 


231 


phera]  end,  we  should  have  a  descending  cttrrent ;  Ihe  positive  pole  re* 
maining  at  the  middle  and  the  negaKve  transferred  to  the  central  end 
ctf  the  nerve,  would  give  the  ascending  current.  If  now  the  effect  afte< 
these  procedures  should  be  different,  llic  strength  tif  current,  prcsnure 
emplojred,  and  lime  of  stimulation  being  the  same,  and  if  the  effect  of 
previous  stimulation  could  be  eliminated  before  the  second  part  of  the 
experiment  is  made,  we  should  have  a  conclusive  demonstration  of  the 
differential  physiological  effect  of  the  ciurent  direction.  But  such  an 
eirperiment  is  ideal,  and  the  complications  arc  too  great  (or  science  at 
present  to  make  it  actual.  In  all  physiological  exi>cnmeDts  of  this  kind 
differential  polar  effect  complicates,  if  it  does  not  neutralize,  the  dif< 
ferenlial  effect  of  current  direction. 

In  therapeutics,  the  complications  of  the  subject  arc  all  Ihe  greater, 
because  all  the  statements  that  h.ivc  been  and  are  made  in  regard  tc 
the  advantages  or  disadvantages  of  the  ascending  or  descending  cur- 
rent ID  this  or  that  direction  arc  of  little  worth. 

The  practical  rules  on  this  subject  to  which  experience,  en^htened 
and  fortified  by  physics,  physiology,  and  pathology,  have  led  us,  may  be 
tbus  recapitulated. 

I.  The  stiniiilating,  sedative  and  tonic  effects  of  etectricity,  faradic 
and  galvanic,  are  obtained  by  either  pole,  or  by  both  combined  or  in 
alternation,  the  difference  in  their  therapeutical  action  being  merely 
a  difference  of  degree. 

3.  In  cases  where  the  sedative  effects  are  more  indicated  than  the 
stimulating  effects,  the  positive  iK>le  is  prcfcmblc  to  the  negative,  since  it 
is  less  irritating,  and  with  the  uninterrupted  galvanic  current,  produces 
catelectrotonos  or  a  condition  of  diminished  irritability. 

In  the  great  majority  of  the  nervous  cases,  where  general  faradization 
or  central  galvanization  areuscd.seiladonis  more  nccilcd  than  stiinula- 
tion ;  hence  the  general  rule  to  use  the  positive  i>ole  in  these  methods. 

3.  In  cases  where  the  stimulating  effects  are  more  indicated  than  the 
seUativc  effects,  the  negative  pole  is  preferable  to  the  positive,  since 
h  b  more  irritating,  and  with  the  galvanic  current  produces  cat* 
electrotonos,  or  increased  irritability. 

For  those  lemjieTaments,  now  and  then  met  with,  that  are  exceedingly 
tolerant  of  electricity,  who  can  bear  it  in  any  doses,  however  given,  and 
for  cases  of  local  or  general  anxslhesia  and  paralysis  of  motion,  whatever 
may  be  the  pathological  cause,  stimulation  is  more  needed  than  sedation  ; 
hence  it  is  an  advantage  in  such  cases  to  use  the  negative  pole,  and  in 
some  cases  "  voltaic  alternatives,''  which  are  more  trritaring  than  eithet 
[>ole  when  used  alone. 
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Inasmiicli  as  we  cannot  tell  the  degree  of  eJectro-5uscci>tivity  in 
ft  patient  unlil  we  havt-  tested  il,  it  is  well  always  to  begin  general 
farailisation  and  centraJ  galvanization  with  the  positive  pole.  This  rule 
is  e&peciaUj'  important  in  the  United  States,  where  the  majority  of  oar 
patients  of  both  »exc9  arc  susceptible  and  nervous  and  require  sedation 
more  than  stimulation. 

Both  the  Seat  of  the  Disease  and  the  Effeets  of  the  Disease  to  be 
Treated. — The  q^iiery  whether  in  localized  electrization  we  should  direct 
the  treatment  mainly  to  the  seat  vf  the  disease — the  pathglogical  lesion, 
or  to  the  seat  of  the  prominent  symptoms — ^the  ej^ects  of  the  lesion — has 
given  rise  to  some  discussion. 

It  sounds  very  practical  to  advise  the  treatment  of  the  s)'mptoma 
without  regard  to  the  scat  of  the  lesion.  It  sounds  very  scientific  to 
dairo  ttiat  the  electricity  should  be  confined  to  the  exact  scat  of  the 
disease.  Now  the  wise  physician  is  both  scientific  and  practical,  and 
keeping  clearly  before  the  mind  this  ct-ntra!  thought,  that  the  leading 
action  of  electricity  is  that  of  a  stinnilating  tonic  with  a  powerful 
sedative  influence,  we  can  readily  discern  the  truth  on  this  subject. 
Both  the  seat  of  the  disease  and  the  seat  of  the  symptom  should  be 
treated,  for  in  bolli  there  is  need  of  improvement  in  nutrition.  In 
this  view  common  sense  and  experience  accord.  In  hemiplegia,  for  a 
typical  exainplc,  the  lesion,  the  beat  of  the  disease,  is  in  the  brain, 
while  tlie  leading  symptom  is  in  one-half  of  the  body,  which  is  para- 
lyzed. The  muscles  of  that  side  become  atrophied,  and  the  nerves 
become  anacBthetic.  To  restrict  the  electrization  to  the  brain,  and  to  that 
side  of  it  where  the  lesion  is  or  is  supposed  to  be,  is  so  imposing  and 
sdenlific  in  theory  that  electro-therapeutists  of  limited  experience 
might  advise  this  treatment  exclusively.  To  purify  the  stream,  first 
purify  the  fountain.  Lay  the  axe  at  llie  root  of  the  tree.  All  thes< 
analogies  arc  beautiful,  but  they  are  fallacicus.  The  symptoms  of  the 
diseo-se  will  not  disappear  when  the  disease  disappears.  The  effects 
remain  after  the  clot  is  absorbed.  In  the  larger  number  the  half  of 
the  body  is  as  much  the  scat  of  the  disease  as  the  brain;  for  the 
several  parts  of  this  human  machinery  are  all  members  one  of  another. 
When  one  suffers  all  suffer.  To  con&ne  the  treatment  to  the  paralyzed 
muscles  is  also  irrational,  although  the  purely  peripheral  treatment  is 
far  more  successful  than  purely  cenlr.iI.  If  we  .ire  to  be  exchiwve  .ind 
one-sided  and  theoretical  in  otir  treatment,  it  is  better  to  exclusively 
treat  what  are  called  the  symptoms  or  effects  of  the  disease,  and  to 
neglect  the  brain  altogether.  But  it  is  the  part  of  the  higher  wisdom 
to  use  both  methods — central  an:l  peripheral,  to  attack  the  seat  of  th« 
lesion  and  the  seat  of  the  symptou. 
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The  most  satisfactory  results  in  hemiplegia  come  from  a  coinbiDalton 
of  periiiheral  and  cemral  treatment.  Similarly  with  diseases  of  the 
»pinal  cord,  as  congestion,  sclerosis,  resulting  in  paralysis  of  motion 
or  sensation.  Purely  central  treatment— galvanization  of  the  spinal 
cord — is  not  sufticicntj  the  symptom  also,  the  paralysis,  must  be 
treated  directly  in  llie  muscles  and  nerves  where  it  is  most  prominent. 
In  diseases  of  the  spinal  cord,  treatment  confined  to  the  seat  of  the 
disease  does  more  good  than  in  diseases  of  the  brain,  for  the  reason 
that  the  cord  is  more  acces^ble  to  the  current,  its  surface  biding  more 
exposed,  as  it  were,  throi^hout  its  entire  lenjjtth.  But  those  whc 
content  themselves  with  treating  diseases  of  the  cord  by  simple  galvani- 
zation, to  the  exclusion  of  peripheral  treatment,  make  a  grave  mistake ; 
they  fail  where  they  ought  to  succeed,  and  they  succeed  only  in  a  small 
percentage  when  a  large  percentage  was  possible.  Cases  of  ataxia, 
as  well  as  of  motor-para1y»s  need  peripheral  treatment  with  the  nioist 
sponge  or  wire  brush,  or  both,  as  well  as  galvanization  of  die  spine. 
On  the  same  principle  our  method  of  central  galvanization  is  some- 
times more  effective  in  diseases  of  the  cord  and  brain  than  localized 
galvanization  of  these  parts,  as  usually  practised.  In  neuralgia  also, 
where  the  seat  of  the  disease  is  in  the  nerve-centres,  the  application 
should  be  mode  both  to  the  tender  and  painful  points,  as  well  as  over  ihe 
root  of  the  nerve,  and  a  very  good  method  of  application  is  to  place 
one  pole  over  the  origin  of  the  painful  nerve,  as  near  as  possible,  and 
Ae  other  over  the  tender  point  and  along  the  whole  course  of  the 
nerve.  Frcqncnity  neuralgia,  as  we  shall  see,  yields  to  our  metliod  of 
central  galvanization — where  not  only  the  painful  anddiseascd  parts,  but 
also  ihe  whole  central  nervous  system,  wliether  healthy  or  not,  is  treated, 
— when  it  does  not  yield,  at  least  as  rapidly  or  as  surely,  to  local  a|ii>li- 
cations  either  central  or  ptrripheral. 

Hfalthy  parti  may  he  benefited  by  EUctritation. — There  is  a  kind  <A 
unconscious  idea  abroad  among  electro- iherapcurists  that  in  applying 
electricity  to  the  body  it  is  necessary  to  avoid  acting  on  healthy  parts, 
and  that  the  direct  effects  of  the  current  should,  so  far  as  possible,  be 
confined  to  the  part  that  is  supposed  to  be  in  a  diseased  conditioit. 
This  erroneous  doctrine  takes  its  origin,  first,  in  the  teaching  of 
Duchenne  and  other  advocates  of  localized  electrization,  and,  secondly^ 
in  the  narrow  and  incorrect  ideas  of  the  general  physiological  and  thera- 
peutical action  of  electricity. 

Duchenne,  by  embodying  the  term  •'  localiicd  "  in  the  title  of  his  work, 
has  done  much  to  popularize  in  the  profession  the  notion  that  in  clec 
trical  applications  the  aim  should  be  to  concentrate  the  current  on  the 
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pan  where  it  is  supposed  to  be  needed,  and  to  avoid  afTcctitig  oUier 
pacts. 

The  idea  that  electricity  is  a  mere  stimulus,  and  only  valuable  as  a 
means  or  exciting  paralyzed  muscles  or  waking  up  dormant  nerves, 
would  very  naturally  lead  to  the  adoption  of  the  view  that  it  should  be 
used  only  in  those  parts  that  arc  in  need  of  stimulation,  and  that 
healiiiy  parts  would  he  injured  by  it.  The  false  ideas  lliat  have  pre- 
vailed in  regatd  to  effect  of  stitiuili,  which  we  have  elsewhere  discussed, 
have  tended  to  increase  this  absurd  dread  of  applying  electricity  to 
healthy  parts.  A  little  common  sense  applied  to  this  subject  may  per- 
haps help  us  (o  find  the  truth  without  great  difficulty. 

First  of  all,  we  must  bear  in  mind  always  that  the  doctrine  taught  by 
the  European  writers,  that  electricity  is  a  stimulus  merely,  is  narrow 
and  erroneous.  Klectricity,  applied  to  the  body,  acts  as  a  stimulating 
tonic  with  a  powerful  sedative  iiillueiice.  Then,  again,  stimulants  are 
something  more  than  mere  goads  or  spurs  ;  they  correct  and  intensify 
the  forces  of  the  body,  and  may  be  useful  and  as  necessary  in  conditions 
that  we  call  healthy  as  in  those  that  we  call  unhcaUhy.  Stimulants 
tonics,  and  sedatives  are  called  for  every  day,  and  are  every  day  em- 
ployed by  nearly  every  member  of  the  human  race,  young  or  old,  sick 
or  well.* 

Still  further,  pathology  is  not  so  much  a  special  and  separate  condi- 
tion as  a  degree  of  the  nonnal  condition  of  health.  No  one  can  tell 
just  where  ph)'siology  ends  and  patliology  begins.  Reasoning  from  all 
these  considerarions,  it  is  clear  not  only  that  electricity  need  not  be 
confined  to  diseased  parts,  but  that  the  parts  that  we  call  healthy  may 
be  benefited  by  it  just  as  truly  as  those  that  we  believe  to  be  un- 
healthy, and  the  benefit  they  receive  may  react  favorably  on  the  dis- 
eased parts,  and  thus  aid  the  treatment. 

These  views  are  enforced  by  analogy.  Very  few  of  our  stimulating 
tonic  or  sedative  remedies  are  limited  in  their  action  to  ]iarts  that  are 
diseased.  The  medicines  that  we  give  by  the  mouth  or  by  the  syringe 
go  whither  they  please,  and  if  they  sensibly  affect  some  diseased  organ, 
it  is  not  because  their  action  is  confined  to  that  organ,  but  because  that 
organ,  on  account  of  its  readier  operation  or  of  its  disease,  is  more  sensi- 
tive than  other  parts  to  the  inHuence  of  remedies.  Alcohol  or  opium  go 
to  the  brain,  lead  aflccl'*  the  exterior  muscles  of  the  forcann,  and  the 
Influence  of  chlorate  of  potash  is  quickly  felt  in  the  mucous  membrane 


'  Thit  mbject   b  ditcnwcd   in  detail  la  Dr.  BfiHRTi  workoB  "SlimiilantS  *ni 
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of  Ae  mouth  ;  but  none  of  tliese  remedies  restrict  themselves  to  the 
parts  lh:u  arc  the  nio&t  |>crcciKibI)-'  afTccleil  by  tliciti. 

lodeed,  llie  fact  that  our  most  valued  medicinef  are  used  for  such  a 
variety  of  local  and  general  xfTcctions  shows  that  iheir  cCTect!!  arc  not  cod- 
fixied  to  separate  parts  of  tlic  body  to  the  extent  that  has  been  supposed. 
Electricity  can  be  localized,  in  cases  where  it  is  desirable  to  do  so, 
better  than  almost  any  other  remedy,  and  yet  the  most  careful  and  suc- 
cessful localisation  of  the  current  is  more  or  less  imperfect.     The  re- 

[flex  effect  of  electrization  that  always  complicates  the  direct  effcctSt 
and  which  are  sometiines  of  more  value  than  the  direct  effects,  cannot 
be  avoided.    Then,  again,  die  branch  cunenis,  which,  as  we  have 

Lseen,  move  in  undtilatiuns  not  only  directly  between  the  electrodes,  but 

'at  a.  considcraMc  distance  on  either  side  of  the  median  line  between 
them,  will  be  likely,  in  nearly  all  forms  of  application,  to  touch  healthy 
parts  that  do  not  stand  in  especial  need  of  trealmcnL     The  most  cora- 

'pletc  form  of  localised  elecirization  is  electrolysis  when  the  needles  are 
placed  close  together,  but  even  here  the  reflex  effect  is  most  powerful, 
and  operates  with  a  mild  as  w<:]l  as  with  a  strong  current. 

Idit  fortunately  it  is  never  necessary  to  localize  electricity,  in  the 
strict  sense  of  the  term.  It  is  sometimes  necessary,  however,  to  avoid 
producing  too  strong  reHex  elTccts,  and  in  applications  near  sensitive 
parts  the  possibility  that  the  branch  currents,  if  powerful  currents  are 
used,  may  over-irritate,  should  ever  be  borne  lu  mind.  Experiment  and 
expcrieoce  show  that  healthy  animals  and  men  can  be  electrized  with 
bcnchi  all  over  the  body,  or  in  any  part  of  it.  In  applying  electricity 
to  any  part  of  the  body  we  improve  the  nutrition  of  that  part ;  in  ap- 
plying electricity  to  the  whole  body  we  improve  the  nutrition  of  the 
whole  body,  or,  at  Ica-St,  of  those  parts  wliich  are  directly  or  indirectly 

.iniluenced  by  the  current.     Faradization  of  a  healthy  muscle  luikei 

'  it  grow  (aster  thaa  it  would  grow  without  faradization  ;  In  oUier  words, 
it  produces  ihc  same  effect  that  it  would  if  the  muscle  were  paralyzed. 
When  a  part  is  in  a  pathological  condition — when,  far  example,  a 
muscle  is  atrophied — any  irai>rovemcnt  in  nutrition  under  electrization 
i&  more  quickly  obsen'ed,  and  is  probably  more  rapid  and  important 
than  when  the  same  nmsclc  is  treated  in  a  physiological  condition ; 
but  tlie  improvement  of  the  healthy  muscle   is   none   llie   less  real, 

■  though  it  may  be  relatively  less  important  than  in  the  diseased  muscle. 

The  tonic  effects  of  general  faradization  and  of  ccniraJ  galvanixation, 
and,  indeed,  of  many  forms  of  localized  electrisation  are  dtie  to  the 
direct  or  indirect  action  of  tlie  airrcnt,  on  parts  which  arc  more  or  less 
bealthy,  or  which,  to  say  tbe  least,  are  not  in  any  recognizable  patho 
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logical  state.  The  objection  sometimes  brought  against  these  melhodi 
thai  ihey  do  ihiis  affect  healthy  parts,  simijly  attempts  to  prove  too 
much.  The  same  argument  would  banish  all,  or  nearly  all  our  stimu 
lants.,  tonics,  and  sedatives  from  our  materia  medica,  and  practically 
discourage  all  attempts  to  relieve  or  cure  dirunic  diseases  of  ihe  ner- 
vous system. 

Dvst  of  £lectriaty. — Nearly  all  our  medicines  arc  prescribed  by  an 
average  standard  dose.  This  average  standard  is  derived  from  experi- 
ment and  cTpericncc,  and,  with  the  majority  of  drugs,  is  a  eafe  guide 
in  aduiinisuaiion,  although  every  judicious  and  thoughtful  physician 
■todies  each  case  by  itself,  and  varies  the  dose  according  to  the  ap 
parent  indications. 

In  the  case  of  electricity,  when  medically  employed,  the  dose  cannot, 
in  the  present  state  of  science,  for  obvious  physical  reasons,  be  arbitra- 
rily or  mathematically  slated. 

The  dose  of  an  application  of  electricity  consists  of  these  factors  :— 

1.  Tlie  strength  of  the  current,  or  the  quantity  of  electricity  ttiat 
fioirs  in  a  given  time. 

2.  The  length  of  the  application- 

Both  of  these  factors  are  so  mtxUfied  in  variouiways  that  they  can- 
not attain  anything  like  m.ithematical  precision.  The  strength  of  the 
current,  or  the  qjuaiitity  of  electricity  that  flows  through  the  circuit,  as 
we  arc  taught  by  Ohm's  law,  is  the  electromotive  force  divided  by  the 
resifctmce.  We  have  previously  shown  (in  Electro-Fhysics,  chapter  vii.) 
that  both  of  these  factors  are  susceptible  of  almost  infinite  variations, 
some  of  which  arc  and  others  of  which  are  not  understood. 

In  the  time  of  the  application  there  is  less  vagueness  but  even  in 
this  factor  the  precision  is  more  apparent  than  real ;  for  the  effect  of 
electricity  depends  so  ttiuch  on  the  manner  in  which  application  is 
made,  whether  with  interruptions  or  without  interruptions,  wheiher 
with  large  or  small  electrodes,  etc.  The  method  of  the  application. 
whether  local  or  general,  and  if  local,  to  what  part,  and  how  directed, 
also  modilics  seriously  the  determination  of  the  dose  from  the  length 
of  the  application.  Ten  minutes  of  general  faradization  or  central 
galvanization  will  have  a  much  more  powerful  general  cfTccl  than 
ten  or  even  twenty  minutes  of  local  electrization.  Five  minutes  of 
gaIvani;tation  of  the  brain  will  accomplish  more  good  or  evil  ihan 
fifteen  minutes'  faradiz,itton  of  the  uterus,  or  of  any  one  of  the  extremi- 
lies. 

The  time  may  yet  come,  in  the  advance  of  saencc,  when  electrical 
Bcasureinent  will  attain  such  a  degree  of  precision  that  we  shall  be  able 
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to  prescribe  so  inxny  farads  of  elcctricily.  as  «re  now  prescribe  so  majiy 
grains  of  quinine,  or  so  many  drops  of  laudanum ;  but  Uie  day  when 
such  exactness  shall  be  possible  in  applications  to  the  human  body  is 
probably  not  very  near.  Our  [jresent  method  of  meauuring;  the  gal- 
vanic cuircDt  by  the  ouiaber  of  degiees  of  deflection  of  the  needle  of  a 
galviinomcter  is  very  unsatisfactory,  fur  the  twofold  teaAon  That  the  de- 
declion  beyond  a  certain  angle  docs  not  accurately  represent  the  relative 
strength  of  the  cunent,  and  especialJy  because  when  applied  to  the 
body  a  different  and  varying  resistance  is  encountered,  which  at  once 
destroys  the  value  of  tlie  comparison.  Electio-therapeutists  have  some- 
times stated  the  amount  of  the  defleciiun  which  the  current  caused 
before  being  applied  ;  but  all  such  statements  arc  uf  little  or  no 
value,  and  particularly  when  we  do  not  know  the  construction  of  the 
particular  galvanometer  which  they  employ.  A  further  diflicuUy  m 
measuring  electricity  by  tlie  galvanometer,  is  ihat  ihc  strength  of  the  cur- 
rent  in  most  of  the  batteries  in  common  use  declines  during  the  appli- 
cations, so  that  a  current  which  is  powerful  at  first  uiay  iu  the  course  of 
len  or  fifleen  minutes  be  only  medium. 

llie  graduated  scale  on  some  of  our  faradic  machines,  and  which  in 
dicates  the  number  of  inches  that  the  rod  or  helix  or  tube  is  moved, 
is  also  a  practically  useless  guide,  except  as  far  as  it  may  be  resorted 
to  to  encourage  and  amuse  silly  and  weak-minded  imtients.  In  any 
faradic  machine  the  strength  of  tlie  current  in  tlie  cell,  and  consequeni' 
ly  the  strength  of  the  induced  current  in  the  coil,  varies  front  day  to  day, 
and  varies  during  the  application  ;  and  the  amount  that  passes  through 
the  patient  is  dependent  on  the  size  of  the  electrodes,  and  the  amount 
of  moisture  in  them,  and  their  relative  position. 

In  default  therefore  of  any  trustworthy  means  of  prescribing  electricity 
by  farads,  or  other  dtfinite  measures,  we  are  compelled  in  practice 
to  depend  on  these  two  indications  : 

I.     The  sensations  of  /he  patient. 

Very  fortunately  the  sensatiun  of  the  patient  during  the  application 
indicates  with  coiikiderable  correctness  whether  the  current  is  of  the 
proper  strength.  The  rule  is  Ihat  where  strong  eurrtnts  are  borne 
witksui  diseomfort  strong  currents  are  benefieial ;  where  only  mtfd  cur- 
rents are  borne  only  mild  currents  are  indicated.  The  diiTerence  in  the 
natural  sensitiveness  of  patients  to  electricily"is  very  great.  This  dif- 
fercnce  is  further  modified  by  disease,  tn  anaesthesia  local  and  general, 
in  sclerosis  of  the  nerve  centres,  and  certain  local  afTcclions,  very  power- 
ful currents  cause  but  little  pain.  On  the  other  hand  in  hyperesthesia, 
in  hysteria  and  allied  affections  as  a  rule,  and  in  acute  and  subacute 
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Jocal  inflaintnatioiiE.  only  mild  currents  can  be  borne.  To  dJsregnd^ 
the  feelings  of  the  patient  and  make  the  applications  exceedingly  pain- 
ful will  tend  to  produce  the  evil  rather  than  the  good  cRects  of  elec- 
tricity. To  give  only  mild  applications  when  painful  ones  could  be 
well  borne  is  to  rob  the  patient  of  a  part  of  the  benefit  to  which  he  ii 
entitled. 

To  the  rule  that  the  sensations  of  the  patient  are  the  guide  in  elec 
tiica]  applications  there  arc  some  exceptions,  just  as  there  are  some 
exceptions  to  (he  rule  that  the  appetite  is  the  j^uide  in  the  quantity 
of  food  that  we  eat.  It  is  partly  to  guard  against  these  exceptions,  and 
to  keep  on  the  safe  side,  that  the  first  few  applications  on  a  new  pa- 
tient whom  we  have  not  before  treated  by  electricity,  should  be  mild  and 
short. 

Not  only  do  different  individuals  vary  in  thcii  sensitiveness  to  electri- 
city, but  different  parts  of  the  surface  of  the  body  in  the  same  indinduai 
also  vary,  as  we  have  seen  through  a  considerable  range ;  and  in  the 
cavities  of  the  body  and  on  the  raucous  surface  the  range  of  vanation 
in  sensitiveness  is  yet  greater.  The  mucous  membrane  of  the  mouth, 
tongue,  urethra,  is  very  sensitive,  and  this  sensitiveness  should  be  re* 
Bpecled  by  the  clectro-tbeiapeutist. 

There  are  some  quite  rare  cases  of  hysteria  where  the  great  sensi- 
tiveness of  the  patient  may  be  disregarded,  or  chloroform  or  ether  may 
be  administered.  The  sensitiveness  of  the  patient  is  a  guide  only  or 
mainly  in  regard  to  the  sirtngik  of  the  current.  In  regard  to  the 
length  of  the  application  we  must  be  guided  by — 

z.  The  immediate,  secondary,  and  remote  ejects. — This  second  guide 
serves  to  correct  tiie  mistakes  of  the  firel.  A  meal  that  disagrees 
with  us  may  show  its  ill  effects  in  a  few  minutes  or  hours,  or  the 
following  day.  Similarly  we  should  study  the  effects  of  electrical  ap- 
plications. So  far  as  any  one  or  all  of  the  good  effects  described  in  thii 
(Jiapter  follow  an  application,  so  far  we  may  judge  that  the  applica- 
tion has  done  good  ;  so  far  as  any  or  all  of  the  evil  effects  described 
in  this  chapter  follow  an  application,  we  may  judge  that  it  has  done 
evil.  Tlic  evil  and  the  good  effects  may  sometimes  be  associated. 
To  rightly  interpret  these  effects,  and  to  disringiiish  between  those  that 
arc  produced  by  the  applicarions  and  those  that  are  produced  by 
moral,  hygienic  or  medical  causes  is  one  of  the  scvcrc^st  tests  of  medi- 
cal skill.  There  is  less  liability  to  deception  in  studying  the  immediate 
effects,  since  there  is  less  chance  for  othci  forces  to  complicate  the 
results.  After  a  few  hours,  the  complicaliong  of  diet,  exercise,  weather, 
medicine  and  so  forth  begin  to  appear,  and  obscure  the  effects  of  the 
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electricity.  The  secondary  and  remote  effects  can  therefore  only  be 
ascertained  by  repeated  observations.  A  single  application  gives  us 
little  opportunity  to  answer  the  iiiiestion  whether  electricity  is  really 
the  remedy  that  the  case  requires. 

One  caution  itmst  not  be  TorgottcD :  the  immediate  and  secondary 
effects  may  be  evil  while  the  remote  effeets  may  be  good. 

A  long  walk  that  much  fatigues  us  is  often  beneficial,  thougli  the 
benefit  does  not  appear  for  several  day.'*.  Those  who  take  travelling 
vacations  to  reciuit  exhausted  energies,  frequently  feel  worse  while 
thcj-  are  travelling,  but  arc  stronger  on  their  return  and  for  montha 
following.  The  fatigue  and  soreness  and  stillness  thit  sonictiiiies  foU 
low  skating  and  gymnastics,  and  utlicr  cxcrctiics,  do  not  always  indi- 
cate that  benefit  has  not  been  derived.  The  next  Oay  the  appetite 
and  spirits  may  be  better,  sounder  sleep  may  follow ;  the  evil  and  die 
good  effects  contend  for  the  mastery,  and  the  good  effects  triumph. 

The  best  resulti  of  EUctrical  Treatment  usually  obtained  with  MUd 
Currents. — For  the  average  constitwlion,  and  with  the  exceptions  that 
come  from  certain  idiosyncrasies  and  certain  diseases,  such  as  anaesthesia, 
the  best  results  of  electrical  treatment  are  obtained  by  «iW  currents. 

The  temptation  to  disregard  this  nile  and  use  painful  currents  is, 
even  for  the  experienced  electro-ihetapeutist,  very  great,  and  sometimes 
irresistible.  The  dogma,  "no  smart  no  cure,"  which  has  wrought  so 
much  misery  in  the  world,  still  lingers,  even  among  the  intelligent. 

The  descendants  and  near  relatives  of  the  man  who  growled  at  his 
dentbt  for  cxtrarling  his  toolh  without  ]»in  or  bluster,  because  he 
had  been  accustomed  to  being  hauled  all  around  the  room  during  that 
operation,  are  yet  very  numerous.  Even  in  cultivated  circles  there 
can  be  (bund  those  who  have  no  faith  in  medicine  unless  it  is  bitter, 
and  no  respect  for  the  doctor  unless  he  half  kills  them.  Then  again 
toniepalientsmake  a  virlue  of  bearing  pain,  and  will  pretend  that  they 
do  not  feel  the  current  when  they  know  Lhcy  arc  suffering  all  the 
horrors  of  the  damned.  Moreover,  mercenary  patients  wish  to  get 
iheir  money's  wotih.  and  if  ihey  pay  so  many  dollars  for  an  application, 
they  want  so  many  dollars'  worth  of  agony.  For  all  these  reasons  com- 
bined, wc  are,  in  spite  of  our  experience  and  caution,  continually 
making  the  blunder  that  we  here  wani  against.  Over  the  doors  of  tlie 
elcctro-therapeuttsi,  and  in  full  view  of  the  operating  chair,  we  would 
inscribe  this  motto,  "Better  give  much  too  little  than  a  little  too 
nwch." 

TAi  use  of  Salt  on  the  Electrode, — A  very  good  device  to  prevent  using 
too  strong  currents,  particularly  the  galvanic  current,  is  to  saturate  tha 
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sponges  or  cloths  of  the  electrode  with  plenty  of  salt  water.  Salt  water 
is  a  good  conductor,  much  better  than  simple  water,  and  will  causo 
the  patient  to  seniiilively  feel  a  current,  of  wliich,  if  the  salt  waiei 
were  not  used,  he  would  not  be  conscious. 

With  the  same  strength  of  current,  a  sponge  or  cloth  electrode 
saturated  with  salt  is  more  painful  than  a  similar  electrode  not  so 
saturated.  The  current  when  conducted  though  salt  seems  to  pass  in 
points  from  the  electrode  to  the  body  just  as  when  conducted  through 
metal  or  tlie  metallic  brush.  In  a  word,  an  electrode  saturated  with  salt 
not  only  conducts  a  greater  quantity  of  electricity,  in  accordance  with 
Ohm's  law,  but  conducts  it  more  painiiilly  than  an  electrode  saturated 
with  ordinary  water. 

Car^  in  the  Details  of  the  Applieations. — There  is  as  much  differ- 
ence between  a  skilful  and  an  awkward  application  of  electricity  as 
there  is  between  a  tikilful  and  an  awkward  operation  in  surgery.  By 
those  who  desire  to  become  experts  in  applying  electricity,  the  follow- 
ing points  should  be  considered  : 

I.  To  avoid  suddenly  interrupting  the  currents  in  cases  where  inter- 
ruptions are  not  required,  and  especially  in  applications  on  or  near  the 
head.  In  the  treatment  of  paralysis  of  motion  and  of  sensation,  inter- 
ruptions are  required,  but  in  the  treatment  of  the  brain,  spinal  cord, 
and  sympathetic,  and  in  very  many  peripheral  ap|)lications  stable  cur- 
rents only  are  required.  In  all  such  cases  the  current  should  be  closed 
gradually  and  delicately,  if  possible  by  means  of  a  rheostat  of  »Ome 
kind,  or  by  incrcasiing  or  diminishing  the  pressure  on  the  sponge  of  the 
electrode.  Intcmiptions  made  in  the  metallic  part  of  the  current  are 
always  more  sudden  and  violent  than  those  made  in  the  electrodes,  for 
the  physical  reason  that  the  connection  of  the  current  is  more  sharp  and 
abrupt. 

Delicate  patients  should  be  treated  with  delicacy.  Those  who  are 
sensitive  and  ap]>rehensive  should  never  be  annoyed  by  sudden  breaks 
in  the  current,  except  in  those  forms  of  disease  where  sudden  breaks 
are  required. 

In  presenting  this  caution  we  do  not  intend  to  endorse  the  notion  that 
serious  pathological  lesions  are  caused  by  interrupting  the  current,  even 
on  or  near  the  brain.  There  is  little  or  no  evidence  besides  tlie  case 
of  Uuchennc,  Chat  any  serious  injuiy  to  the  retina,  or  to  the  auditory 
nerve,  (W  to  any  part  of  the  brain,  or  sympathetic,  or  spinal  cord,  has 
been  prodaced  by  faradization  or  galvanization  with  the  strength  of  cur- 
rent ordinarily  employed  in  electro-medical  applications.  The  dizzi- 
ness, the  sour  lasie  in  the  mouth,  the  flashes  of  light  before  the  eye^ 
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tbe  shock  or  agitation  produced  by  the  sudden  intemiprion  of  the 
galvanic  current,  are  aonoying,  and  to  llie  delicate  |>auenl  unaccus- 
tomed to  thcni,  sometimes  alarming,  but  «-ith  the  batteries  in  ordinary 
iLsc,  and  with  the  strength  of  current  that  is,  01  ought  to  be  employed 
through  the  head  and  neck,  they  arc  rarely  if  ever  dangerous  :  thef 
are  temporary  effects  that  soon  pass  away,  and  are  forgotten.  But 
they  are  to  be  avoided  in  cases  where  they  arc  not  required,  for  the 
ihree-fold  reason  that  they  do  no  positive  good,  that  they  may  interfere 
with  the  succesK  of  the  treatment,  and  that  they  alarm  or  annoy  the 
patient.  Wc  are  to  avoid  wortj'ing  our  palietits  in  this  way,  for  the 
ume  reason  that  ve  are  to  avoid  treading  on  their  corns,  because  it  is 
disagreeable  and  discourteous. 

2.  To  avoid  making  the  applications  unnecessarily  painful  through 
carelessness  in  the  management  of  (he  electrodes.  By  the  use  of  line 
and  soft  sponge — the  best  tliat  can  be  found  in  the  shops — the  smarting 
and  stinging  pain  of  the  applications  c<in  be  much  diminished.  Aside 
from  the  fact  that,  with  some  exceptions,  less  satisfactory  results  follow 
painful  than  pleasant  cnrrents,  thiC  feeling  of  pain  should,  so  far  aspos> 
sibic,  be  avoided.  There  arc,  as  we  have  said,  a  certain  number  of  pa- 
tients who  carry  into  medicine  the  same  views  that  once  dominated  in 
religion,  and  who  desire  to  suffer,  and  have  very  little  respect  for  any 
treatment  that  does  not  cause  more  or  less  agony.  Such  patients  will 
sometimes  find,  after  one  or  two  severe  and  painful  applications,  that 
they  are  injured  more  than  benefited,  and  will  submit  lo  the  advice  of 
the  physician  and  take  the  treatment  that  is  best  for  them. 

3.  To  avoid  suri^irising  and  startling  the  patient  by  allowing  the  wire*, 
or  the  metallic  punions  of  the  ciccirodes,  to  touch  any  part  of  his  ex- 
posed body.  If  the  connecting  wires  slip  out  of  their  connections  with 
the  electrodes  they  are  liable  to  fall  on  the  exposed  skin  and  give  a 
painful  shock.  If  the  edge  of  the  electrode  not  covered  with  sponge 
or  cloth  touches  the  skin,  it  will  give  the  patient  sudden  pain,  and 
aniioybolh  him  and  the  operator.  Connecting  wires  that  are  not  pro- 
tected by  rubber  are  liable  to  lose  their  silk  or  cotton  coverings  in 
places  which  when  they  touch  the  skin  cause  pain. 

4.  To  be  always  and  every  moment  sure  that  the  current  is  running. 
The  batteries  should  be  tested  before  the  application,  either  by  the 
galvanometer  or  through  the  hand  or  person  of  the  operator,  that  he 
may  be  sure  that  it  is  in  order,  that  the  connections  are  properly  made, 
and  that  (he  electrodes  arc  sufficiently  wet  to  conduct  the  current. 
When  mild  currents  are  used,  sail  may  be  added  to  the  solution  in 
irbich  the  dccirodc  is   dipped,   so   that    a  slight  stinging  sensatioa 
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beneath  the  electrode,  may  keep  the  patient  assured  tliai  the  curreiM 
is  parsing. 

Disrobing  of  tht  PaiUnt. — The  great  majoritj' of  electrical  applica* 
tions  require,  on  the  part  of  the  patient,  more  or  less  loosening  or 
removal  of  the  dress.  Not  only  is  Ihis  necessary  in  general  faradiza- 
tion and  central  galvaniifation,  but  in  very  many  ioca]  applications  to 
the  spine,  abdomen,  and  iipi>cr  and  lower  limbs, — excciJling  merely  the 
face,  head  and  hands.  To  know  how  to  direct  the  patients  to  arrange 
their  clothing  so  as  Co  give  the  operator  sufficient  and  easy  access  to  the 
person,  is  a  part  of  the  art  of  practical  elcctro-thcrapcuttsts,  and  it  it 
an  art  not  to  be  despised.  Male  patients  have  less  trouble  in  this  re- 
gard than  female  patients,  since  iheir  garments  arc  fewer  and  simpler, 
bin  they  are  more  annoyed  by  the  little  they  have  to  do  than  women 
are  by  their  va<it  paraphernalia.  The  art  consists  in  loosening  and ^uli' 
ing  up  without  entirely  remoz'ing  the  undtr-ththing,  thus  avoiding 
irffublt,  exposure  irnd  waste  of  time. 

Temperature  of  the  Electrodes  and  of  the  Operating  Roam. — The 
question  is  often  raised  by  patients  whether  there  rs  any  danger  of  tak- 
ing cold  after  an  application  of  electricity.  The  answer  is  clearly  in 
the  negative.  The  electricity,  as  such,  so  far  as  it  goes,  fortifies  the 
system  against  cold;  but,  by  careless  exposure  while  undressed  in  a 
cold  room,  it  ia  potisibLe  to  take  cold,  ju&t  as  by  similar  exposure  wheo 
electricity  is  rot  used.  It  is  also  possible  to  make  the  application 
quite  uncomfortable  by  using  sponges  moistened  with  cold  instead  of 
tepid  water.  Our  aim  should  be  to  have  the  temperature  of  the 
operating  and  dressing-room  a  little  higher  than  is  necessarj-  for  a  per- 
son fully  dressed ;  to  moisten  the  sponges  or  electrode  covers  in  te))id 
or — in  very  cold  weather — in  hot  water ;  and  when  the  feet  are  placed  on 
a  foot-jilate  of  tin  or  copper,  to  have  a  warm  soapstonc  beneath  the 
foot-plate  to  keep  it  always  comfortable. 

Time  of  day  for  the  j4pplii'ation.—App\ic:i.tions  of  electricitj-  may  be 
given  with  advantage  at  all  hours  of  the  day  and  night.  In  our  experi- 
ence, and  probably  in  the  experience  of  all  electro-therapeuiists,  the 
majority  of  the  applications  are  given  in  ordinary  business  hours,  in  the 
forenoon  and  afternoon.  We  have  never  been  able  to  see  that  anything 
was  gained  by  giving  any  particular  heed  to  the  hours  of  eating  ;  just 
before  meals,  and  just  after  them,  ordinary  electrical  treatment  may  be 
given  with  apparently  a^  much  benefit  as  two  or  three  hours  from  a 
meal.     In  some  impressible  icmiieramcnts,  central  galvanization  and 

:neral  faradization  temporarily  inaease  appetite,  and  for  such  persons 
application  might  ver)~  properly  be  given  a  little  before  meals.     For 
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those  who  luffer  frv-rn  dyspepsia,  a  seance  pretty  soon  after  dinner  nn^ 
be  of  service  in  aiding  Oigcslion,  but  we  cannot  say  that  wc  have  StetL 
iwy  such  rcstilL<L 

For  all  delicrtte,  hysterical,  sleepless  patients,  the  evening  is  an  excel- 
lent time  to  receive  electricity.  The  jiowerful  sedative  effects  of  central 
and  general  electrization  are  in  this  clas:i  of  patients  most  graieftilly  re- 
alized a  little  bcfoi  I.*  going  lo  bed,  or  after  they  have  already  retired. 
for  these  reasons  we  have,  for  years,  been  accustomed  to  treat  sonic  of 
our  patients  in  the  evening,  before  or  shortly  after  retiring,  aod,  were  it 
Dot  for  the  inconvenience,  we  should  do  it  more  frequently. 

77au  of  Applicatwns, — The  lime  of  an  application  is  an  element  of 
the  dose  of  electricity  that  has  not  been  sufficiently  studied.  Eleclro- 
thcrapcuti&ts  have  fallen  into  the  conventional  and  routine  habit  of  using 
the  current  all  the  way  fiom  6ve  to  ten  or  fifleea  minutes  or  so,  at  a 
sitting,  without  sufficiently  investigating  the  question  whether  the  length 
of  the  application  ought  not  to  be  varied  with  studious  care,  in  each 
case,  and  varied  during  the  course  of  treatment 

For  irritable,  sensitive  and  impressible  patients  this  law  certainly 
holds  ;  tluU  long  applUaiiom  with  mUd  turrenis  are  better  than  short 
appUcathns  with  strong  currents.  This  law,  which  is  the  outcome  of 
all  our  observations  in  the  department  of  electro-therapeutics,  applies  to 
all  modes  of  uung  electricity. 

A  sudden  shock,  or  a  series  of  shocks  with  a  powerful  current,  may 
injure,  where  a  prolonged  application  with  a  gentle  current  may  work 
no  harm  and  much  good.  That  this  element  of  time  becomes  a  practi. 
cal  difficulty  in  the  use  of  electricity  by  overworked  general  practitioners, 
must  be  admitted  :  but  if  it  be  a  scientific  fact— as  it  surely  is — that 
time  ts  required  to  gain  the  choicest  and  be»t  effects  of  electrical  treal- 

snl,  then  wc  must  recogni/c  and  accept  the  fact,  and  treat  our  patients 
:cordingly,  and  expect  them  to  reward  us  for  our  labors  more  liberally 
than  for  a  mere  prescription  or  suggestion. 

We  inust  on  this  point,  because  we  feel  that  dirough  neglecting  it 
many  mistakes  have  been  made,  and  throu^  a  disposition  to  neglect  it 
llberc  is  danger  that  in  some  minds  elect ro-llier.ipeu tics  itself  may  fall 
into  disrepute.  While  many  patients  and  many  cases  do  well  under  five 
or  ten  minutes  of  clectritation,  very  many  others,  especially  after  they 
have  become  accustomed  to  it,  require  at  least  double  that  time. 

With  all  our  might,  wc  should  avoid  the  error  of  supjjosing  thai  -the 
best  effects  of  electrical  treatment  will  succeed  by  short  applicatioiu 
with  strong  currents.  In  this  way  we  may  both  save  time  aud  lose  otu 
patients. 
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Economy  of  this  sort  may  prove  to  be  the  worst  of  extravagaiK^ 

Frequency  of  the  Applieations. — Ordinary  stimnlaniing  and  tonic  mc  Ji 
dnes  are  yiven  one,  two,  and  usually  tlirce  times  a  day.  The  dose  of 
electricity  cannot  usually  be  administered  so  frequently  without  doing 
more  evil  than  good.  It  seems  essential  to  the  electro-therapeutical 
treatment,  whatever  (he  mode  employed, — general  and  local  faradiza- 
tion, central  and  local  galvanization,  and  even  electric  baths  and  the 
use  of  the  body  batteries, — that  there  should  be  a  considerabU  period  a/ 
rest  beiween  the  appUeaiiens, 

Electrization  sets  in  tnotion  forces  that  slowly  act  and  react  hours  and 
days  after  the  electrization  has  ceased-  The  time  required  for  these 
forces  to  operate  to  the  best  advantage  varies  with  individuals,  but  in 
all  cases  a  certain  period  of  rest  is  required,  and  if  the  .application  be 
repeated  before  this  period  or  some  portion  of  it  has  elapsed,  the  bene- 
fits of  the  previous  appUcilion  are  more  or  less  neutralized,  and  the 
patient  inay  be  weakened  more  than  streni^thened.  This  at  least  appears 
lo  be  the  conclusion  that  long  experience  forces  upon  us.  All  the 
way  between  every  day  or  once  a  week  the  applications  can  be  given 
vrilh  benefit.  'Iliree  or  four  times  a  week  is  about  as  often  as  the  aver* 
age  patient  cares  to  make  his  visits,  and  it  is  safer  to  begin  treatment 
with  at  least  an  interval  of  a  day  or  two  between  sittings.  Some  pa* 
dents  require  at  the  outset  of  a  course  of  treatment,  intervals  of  ihree 
or  four  days.  If  by  accident  or  intention,  strong  and  long  applications 
are  made,  unpleasant  reactive  etVects  may  follow  that  at  once  suggest 
the  necessity  of  waiting  for  a  day  or  two.  Many  a  lime  does  it  happen 
to  lis  to  visit  a  patient,  and,  on  learning  the  history  of  the  symptoms, 
to  put  off  trie  applicarion  twenty-four  or  forty-eight  hours. 

On  the  other  hand,  there  arc  those  who  can  take  fidl  applications  every 
day  for  a  month  iu  succession,  and  in  some  ca&es,  as  it  appears  to  us 
with  greater  benefit  than  would  be  derived  from  applications  given  every 
other  day.  At  the  founding  of  the  Klectro-Therapeutical  Depailnient 
of  Dcinilt  Dispensary,  we  received  patients  only  twice  a  week,  and  good 
results  were  obtained  nndcr  that  system,  but  we  afterwards  found  it  de- 
sirable lo  add  another  day.  In  private  practice  we  make  the  applica- 
tions more  frequently  than  at  first,  and  find  an  advantage  in  so  doing, 
fur  the  reason,  mainly,  that  we  use  milder  currents  than  fonnerly,  And 
Dtti  patients  can  bear  and  be  prgfited  by  more  frequent  sittings. 

(iencral  and  central  applications  require  longer  intervals  than  local 
and  peripheral  applications,  for  die  patent  reason  that  they  more 
powerfully  affect  the  whole  system,  and  are  more  frequcndy  followed 
by  retclive  effect*. 
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In  rare  cases, — when  Uie^iatLent  hot  but  ashort  time  to  remain  in  town, 
Or  when  an  intolerable  pain  is  to  be  relieved, — we  have  given  applica- 
tioQS  twice  a  day,  but  have  nut  usually  obtained  any  ^advantage  thereby. 
Chronic  nervous  diseases  cannot  be  cured  in  a  day  ;  time  is  as  ncces- 
taiv  as  the  electricity.  Long  standing  pathological  lesions  are  not  to 
be  carried  by  assault,  however  bravely  conducted  ;  they  yield  only  to  a 
protracted  siege. 

Reguiarity  of  the  Appluaiiom. — It  is  the  custom  with  some  electro- 
therapeutists  to  insist  on  regularity  in  the  days  and  hours  of  the 
applicatioDs,  and  there  are  those  who  believe  that  the  best  effects 
follow  regular  and  methodical  treatment.  On  this  point  wc  arc  in  some 
doubt.  Patients  who  are  methodical  in  their  habicii,  and  who  are 
regular  in  their  visits,  will  be  less  Ukety  to  omit  visits,  and  will  be 
kiDore  likely  to  persevere,  and  conscipienlly  will  be  more  profited  than 
those  who  omit  half  of  their  visits  and  abandon  treatment  before  it 
i»  fully  tried.  There  is  no  evidence  that  regularity,  as  such,  is  any 
^advantage;  although  there  is  strong  probability  that  for  some  constitu 
'  tions,  and,  perhaps,  for  diseases  with  periodic  ^^inplonis,  it  iiii(;ht  be 
an  advantage  to  give  the  applications  at  the  same  hour  daily,  or 
every  Olher  day,  as  the  case  maybe.  Our  own  custom  in  this  regard 
varies.  Practically  we  hnd  it  impcs!>ible  to  treat  alt  patients  with 
absolute  regularity,  and  in  those  cases  where  we  arc  able  to  do  so  we  have 
DOt,  thus  far,  been  able  to  see  any  special  therapeutic  advantage. 

Prolonged  Applications. — A  method  of  using  electricity  that  has  been 
too  little  studied  by  the  profession  is  that  of  proUnged  applications 
with  mild  currents. 

In  certain  diseases,  both  medical  and  surgical,  it  is  of  advantage  to 
allow  the  current—galvanic  or  faradic — to  run  for  several  hours — all 
day  or  all  night — as  may  be  convenient. 

We  have  become  so  accustomed  to  the  use  of  short,  or  comparatively 
shon  applications,  that  wc  forget  that  the  current  if  sufficiently  gentle 
may  be  passed  throcigh  the  iKuly,  or  part  of  the  body  for  hours,  if  not 
days  consecutively,  without  injury,  and  with  great  benefit,  provided 
certain  cautions  are  observed. 

When  the  galvanic  current  is  thus  used,  care  must  be  taken  not  to 
allow  the  sponges,  or  metals,  or  cloths,  to  remain  too  long  in  one 
spot,  since  they  will  caiLsc  a  disagreeable  though  not  serious  ulceration 
of  the  skin,  that  may  be  some  lime  in  healing.  In  order  to  avoid  this 
ulceration,  it  is  well  to  use  sponges  in&tcad  of  mclals,  anil  to  change 
from  time  to  time  the  post  iou  of  the  electrodes,  so  that  they  may  not 
act  too  long  on  one  spot. 


246 


COMBINATION  OF  METHODS  OF  APPLICATION. 


The  details  of  this  method  of  using  electricity  must  be  varied  with 
each  case  and  ihc  circumstances  of  the  paticDt. 

Intervals  between  the  Courses  of  Treatment,— \X  is  sometimes  of  service 
to  suspead  a  course  of  treatment  after  it  has  been  going  on  a  iiumber 
of  weeks,  and  to  allow  an  intcn-aJ  of  one  or  more  weeks,  according  to 
circun)staDCe».  It  is  sometimes  obscrrved  that  patients  improve  as 
much  during  the  interval  as  during  the  treatment,  and  when  the  a)^Ii> 
cations  are  renewed,  they  have  greater  force  than  at  the  close  of 
the  conriic  of  treatment.  It  is  true  of  electricity,  as  of  alrao&t  every 
other  siiriiuEant,  tonic,  sedative  remedy,  that  aAer  receiving  il  a  certain 
time  the  system  becomes  so  accustomed  to  it  as  to  tolerate  it,  and 
then  its  full  force  is  not  appreciated.  In  casca  where  tlm  toleration  of 
el<;ctricily  is  observed,  when  the  improvement  halts,  so  to  S[«alc,  a 
brief  suspension  of  treatment  may  be  indicated,  and  on  renewing  it, 
all  the  benefit  at  first  realized  may  be  repeated. 

On  the  other  hand,  there  are  patients  who  seem  to  prosper  best  under 
steady,  unintcrnipled  iroalmcnt. 

Combination  of  Methods  0/  W////i'(rf/flii.— Comparatively  few  diseases 
are  to  be  treated  solely  by  any  one  method  of  application ;  many  of  the 
purely  local  alTections  ever  yield  better  to  electrical  procedurCj  when 
the  applications  are  varied,  than  when  one  mode  only  is  persistently 
used.  Both  currents,  g.ilvanic  and  faradic,  maybe  tried  in.  altemarion 
or  succession,  and  both  Uie  direct  and  indirect  methods  may  be  em- 
ployed at  the  same  sitting  or  at  diiferent  sittings.  In  all  diseases  where 
the  whole  system  is  involved,  the  method  of  application  may  be  yet 
more  varied.  General  faradization  and  central  galvanization  may  be 
used  alternately,  and  the  ahcmation  may  be  by  the  day  or  week. 
These  methods  may  be  varied  with  galvanization  of  (he  brain  in  all 
directions,  galvanization  of  thf-  pneuniogastric  and  sympathetic  and  of 
the  spine.  Id  some  diseases,  a&  notably  in  those  where  central  le- 
sions are  accompanied  by  peripheral  injury  and  general  exhaustion,  as 
hemiplegiaj  ataxia,  and  so  forth,  all  the  methods  of  application  may 
be  used,  including  faradization  with  the  wire  brush.  VVc  observe  not 
tjnfrequently  that  after  one  method  of  electrization  has  done  all  that 
it  is  capable  of  doing,  after  it  seems  to  have  lost  its  power,  another 
method  of  electrisation,  or  a  mere  modification  of  a  method,  may  push 
the  improvement  yet  further,  until  it  in  time  loses  its  force  and  the  fresfa 
flimulus  of  another  method  is  required. 

In  this  respect  the  bch.ivior  of  electricity  is  in  no  way  peculiar;  to 
all  powerful  remedies  the  system  in  time  becomes  so  accustomed,  as  to 
tolerate  them  without  ajipreciating  ihcir  remedial  influence.     In  the 
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adininistratioi.  of  tonics  in  cases  of  debility,  and  of  astringents  in  cam 
of  chronic  iliarrhaia,  a  necessity  for  frequent  change  of  T«medy  is 
geoeraJly  lecogniied. 

Jfffw  tff  j'uJge  of /he  £ffe<ts  of  JUeetrUaf  Treaimtnt. — It  U  of  the  fust 
iinponancc  for  the  electro- thcra(ieuti»C  to  have  a  clear,  just  and  sys 
teniauc  method  of  determining  the  effects  <^  electricity-,  both  good  and 
evil.  Much  of  the  difference  of  oi>imoD  that  prevails  among  IhoM: 
who  use  electricity,  as  to  its  general  and  special  value,  and  much  of  the 
prejudice  that  exists  against  electro- therapeutics  is  the  result  of  a  want 
of  a  knowI«dt;e  of  the  tc^tit  by  which  ihc  action  of  electricity  on  patienti 
U  to  be  determined. 

^Mien  we  give  opium,  ve  kitow  very  soon  whether  it  relieves  pain 
and  produces  sleep,  or,  as  not  unfrcqucntly  happens,  has  effects  pre- 
cisely opposite.  We  learn  to  judge  without  great  difficulty  whether  the 
chloral  and  quinine  are  doing  the  work,  dial  we  desire.  With  sdmulants 
and  ionics,  as  used  in  the  chronic  affections,  (jreaier  dilhculty  is  ex- 
perienced, but  there  are  certain  tests  vrhich  wc  study  and  look  for  and 
by  which  we  are  guided.  The  effects  of  electricity  sliould  be  similar^ 
Uudied. 

The  goad  effects  of  electrization  are  in  general  as  follows: 

I.  JietU/  of  Pain  and  Disagreeable  Sensations  heal  and  generai.— 
This  relief  may  appear  shurtly  after  the  application  is  commenced, 
after  it  has  been  continued  for  some  minutes,  or  at  its  close.  In  aoiue 
[Cases  there  is  no  relief  during  or  immediately  after  the  Bitting,  but 
set*eral  hours  subsequently.  We  include  painful  sensations  uf  every 
kind — the  vague  wandering  pains  of  neurasthenia  and  hysteria,  the 
burning  of  inHatnuiation  as  w-cll  &s  real  neuralgia. 

3.  Improvetnent  in  the  Pulse. — Where  the  pulse  is  abnormally  slow 
it  may  be  (|uickcncd  bclh  during  and  for  some  time  after  the  sitting. 
Where  it  is  abnonuaUy  rapid  it  may  be  lowered.  The  pulse,  there- 
fore, may  be  a  guide  in  the  atlniinistration  of  electricity,  as  it  is  a  guide 
in  the  adintiiistralion  of  akoliol  and  various  other  forms  of  sdmulants 
and  tonics.  If  the  quiet  jmUe  is  made  much  quicker  and  so  remains 
for  some  rime,  wc  may  suspect  that  the  application  has  been  too 
strong  or  too  long. 

3.  improvement  in  the  Temperature  of  ihi  Body,  or  of  the  part  whieh  is 
trtated. — Parts  that  are  abnormally  warm  are  cooled,  or  as  is  more  fre- 
quently the  case,  parts  tliat  are  abnoi  ntaily  cold  are  wanned,  during  and 
■ubse<quent  to  the  opcrauon.  The  temperature  may  be  tested  by  the 
i-teiuations  of  the  patient,  by  the  touch  of  the  operator,  or  by  the  ther- 
mometer. 
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4.  Genera/  (aiming  Influence  and  DispaUion  to  5/^c/.^  Nervousness 
is  iLlluycd,  just  after  lakiiig  wine,  or  foutl,  ur  a  bath,  or  a  drive  by  the 
sea.  The  disposition  to  tleep  comes  ou  usually  after  the  application, 
in  rare  cases  during  the  sitting,  especially  when  the  head  or  neck  is 
galvaniied. 

5.  Menial  Exhiiaraiion. — The  effect  of  sca-baitiing,  or  the  inhalation 
of  oxygen,  is  ro  exhilarate  in  a  way  that  defies  minute  analysis.  The 
effect  of  eleccriiation  is  similar.  This  effect  is  seen  more  strikingly 
in  hysteria  and  hypochondriasis, 

6.  Iiureasf  of  Appetite  and  Improvement  in  Digestion. — In  some 
instances  the  appetite  is  sharpened  by  a  siaylc  silling;  tlie  ]>erinanciit 
improvement  is,  of  course,  a  slower  effect,  and  is  only  observed  after  a 
number  of  applications. 

7.  Improvement  in  Local  arid  Central  Nutrition. — ^To  accomplish 
liuprovemeut  in  nutrition  is  the  great  object  of  electrical  treat- 
ment. The  relief  of  pain  and  of  other  special  synipioms,  during 
a  silling,  may  justly  be  regarded  as  results  and  accompaniments  of 
improvement  in  nutrition.  At  a  later  stage  of  a  course  of  treatment, 
the  improvement  in  nutrition  may  be  seen  and  studied  by  the  senses. 
Improvement  in  local  nutrition  is  produced  by  local  electrization,  ino- 
provemeiit  in  general  nutrition  is  produced  by  general  or  central  elec 
trization.  I'cripheral  local  electrization,  may,  however,  rellexly  pro- 
duce tmprovemctit  in  general  nutrition,  paiticularty  when  prominent 
organs,  as  the  uterus,  the  stomach,  and  liver,  arc  treated. 

The  evil  effects  of  electrization,  by  the  occmrencc  of  which  we  may 
suspect  that  the  applications  are  too  strong  or  too  long,  or  impropcfly 
given,  or  tliat  wrong  meihods  are  used,  or  that  the  temperament  and 
disease  of  the  patient  coutra-iudicale  electricity,  are,  in  general,  as 
fallows ; 

1.  Headache  and  Backache. — Sudden  shocks,  or  inteiruptions  of  the 
current,  may  cause  tnomentaty-  headache  that  passes  away  as  quickly 
as  it  came.  When  the  headache  persists  for  a  considerable  time,  one 
may  know  thai  there  has  been  somewhere  a  mistake  in  the  applica- 
IJOD.    Backache  follows  as  a  rule  only  general  or  cetitral  ueatmenL 

3.  Irritability  and  Insomnia. — Patients  may  feel  nervous,  irritable, 
and  indefinably  disagreeable  after  an  application,  and  the  sleep  the 
following  night  may  be  less  sound  and  more  disturbed  by  dreams  than 
usual.     These  arc  evil  effects,  iind  are  to  be  guarded  against. 

3.  Gemral  Malaise. — TTiis  symptom,  which  is  the  reverse  of  the 
exhilarati  jn  spoken  of  among  the  good  effects,  appears  tiot  unfrequently 
after  an  ovei-duse,   especially  of  general  faradization.     It  sometimes, 
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though  less  freqiientl)',  Tollows  central  galvaouslton,  and  there  is  no 
form  of  local  clcctrUatiun,  central  or  peripheral,  that  oiay  oot  ia  some 
temperaments  and  conditions  give  rise  to  it. 

4.  Ex£ttalwn  ffr  Pain,  or  fturease  of  Pain  already  existing.— 
Neuralgia  is  sometimes  increased  on  the  apjilicatJon  of  the  current,  and 
particularly  when  the  currents  are  strong  and  inlcmiptions  ore  made. 
A  harsh  and  rough  faradic  current,  even  when  mild,  may  aggravate 
paiiL  Sometimes  there  is  no  cftcct  during  or  immediately  following 
the  seance ;  but  in  the  course  of  a  few  hours,  the  pain,  is  excited  01 

-aggravated. 

Similarly  the  pains  that  acconi[>any  malignant  tumors  may  be  excited 
when  cleciricily  is  applied  during  an  interval,  or  they  may  be  increased 
i£  treated  during  the  paroxysm. 

5.  Over-Exaied  Pulse. — The  pulse  may  indicate  whetlier  die  appli- 
cation has  done  good  or  harm,  wiili  some  considerable  certainty,  pro- 
vided the  operator  is  sufficiently  fauiitiar  *-ith  the  normal  pulse  of  the 
patient.  This  familiarity  can  only  come  from  previous  acquaintance. 
A  stranger,  seeing  a  patient  for  the  first  time,  and  treating  him  by 
electricity,  is  quite  likely  to  be  deceived.  The  pulse  may  be  over-excited 
by  the  mere  coming  in  of  a  new  physician,  or  by  the  thought  or  dread 
of  electricity.  'I"hu»  the  value  of  tlie  jniUe  as  a  means  of  determining 
the  degree  of  the  ill  effects  of  an  application  is  much  dimim'shcd.  As  a 
lest  of  the  good  effects  of  electricity,  it  is  much  more  worthy  of  trust. 

6.  Oiiiliness  and  other  Nervous  Sensaiiotts. — An  application  which  has 
been  made  injudiciously  may  be  followed  almost  inimcdiatly  by  a  feeling 
of  chilliness,  as  though  tlie  patient  had  taken  cold.  'I'here  may  be  al!>o 
a  stiffness  of  the  neck,  and  pain  on  tiu-ning  the  back,  as  though  the 
patient  were  rheumatic,  and  heat  and  burning  in  the  spine,  and  crawling, 
creeping,  pricking,  stinging,  sensations  in  the  face,  down  the  back,  and 
on  ihe  limbs  and  other  pans  of  the  body. 

These  sensations  arc  not  due  to  a  cold,  as  is  sometimes  supposed, — 
for,  except  through  gross  carelessness,  patients  do  not  take  cold  during 
an  application  of  electricity, — but  they  arc  merely  nervous  sensations,  of 
an  hysterica]  char.icter,  precisely  like  the  symptoms  described  under 
hysteria  and  allied  affections,  and  are  due  to  over-irriiation  of  the  spinal 
cor<I,and  perhaps  also  of  the  sympathetic  They  more  frequently  follow 
faradijration  than  galvanization,  especially  when  a  hard,  rough,  unpleasant 
current  is  used.  They  appear  only  in  the  exhausted  and  neurasthe- 
nic, and  most  frequeutly  in  women. 

7.  A  feeiing  of  Soreness,  Stiffness,  and  a  dull  Aching. — These  Musa* 
lion*  are  closely  allied  to  those  described  iik  the  preceding  paragraph  \-^ 
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ihey  are  che  resuU  of  over  irritalion  of  the  nerve-centre  ;  the  soreneu 
that  is  felt  in  the  muscles  after  severe  faradization  is  somewhat  like  that 
which  is  experienced  after  violent  exercise  in  the  gymnasium,  on  skatet 
or  on  horseback. 

The  dull,  aching  pain  through  the  whole  body  is  lilce  t)ie  sensation 
that  is  experienced  after  (akinj;  culd.  It  is  a  purely  nervous  sensation 
and  is  cau&ed  by  over-irritation  of  the  &pinak  coid.  One  patient  whom  we 
treated  for  an  exJiausCcd  and  irritable  condition  of  tlie  cord,  res^ulling 
from  ccrcbro-spinai  fever,  persiiitcd  that  every  application  caused  him 
to  "  take  cold," 

8.  Profuse  Pirtpiration. — Gentle  perspiration  is  one  of  (he  good  effects 
of  electrization  ;  it  is  observed  both  after  general  and  local  treatiuenL 
But  profuse  perspiration  of  any  p-irt,  as  the  head,  or  one  of  the  limbs, 
or  of  one  side  of  llie  body,  or  of  the'  whole  body,  occurring  dui  iug  a 
iiiancc,  or  directly  following  it,  is  a  bad  symptom,  and  indicates  over> 
irritation.  In  some  hyper-sensJtive  conditions  profuse  perspiration 
may  appear  under  a  vcr>'  mild  current,  and  at  the  outset  of  the  appli- 
cation. We  have  known  a  paralyied  arm  in  hemiplesia  break  out  with 
abundant  perspiraiion.  Incases  of  cerebral  and  spinal  irritation  we 
have  known  the  forehead  and  lite  hands  to  perspire  freely  during 
the  application.  Some  constitutions  are  specially  impressible  in  lliis 
regard.  We  once  treated  a  case  of  paralysis  of  the  bladder  by  external 
galvanization  ;  the  patient  was  of  the  average  strength  and  health,  hut  in 
less  tlian  live  minutes  his  whole  body  was  as  "freely  (Jcrspiring  as  in  the 
hotesi  wmimer  day.  Nausea  and  faintncss  also  came  on  and  stopped 
the  application. 

9.  Prvhviaeti  Heaftion  of  the  Nerves  oj  Spt<ial  Sense. — In  thesection 
devoted  to  Electro- Physiology,  we  have  sccTi  tiiat  the  nerves  of  special 
sense,  the  auditor^-,  the  olfactory,  the  ophthalmic  and  the  gustatory 
nerves,  all  liavc  iheir  special  and  peculiar  reactions  to  electricity. 
These  reactions  arc  normal  and  physiological,  hut  in  degree  and  variety 
they  are  greatly  influenced  by  temperament.  These  reactions  are,  on 
the  part  of  the  auditory  nerve,  hissing,  rushing,  boiling,  seething  sounds ; 
on  the  part  of  the  ophthalmic  nerve  and  retina.  Hashes  of  iiyht ;  on  the  part 
of  the  olfactory  nerve,  under  a  powerful  and  painful  current,  peculiar 
phosphoric  or  ozonic  odor ;  on  the  pan  of  the  gustatory  ner\'c,  an  acid 
or  coppery  taste.  For  the  great  majority'  of  temperaments  in  health  or 
di»ease,  these  reactions  disappear  with  the  cessation  of  the  application  ; 
but  where  there  is  special  susceptibility  to  the  electricity,  or  when  very 
aevere  or  prolonged  applications  have  been  made,  some  of  these  reactions 
may  continue  for  hours  or  days.     Thus  we    have  known    palienU  to 
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complain  of  the  peculiar  taste  in  the  mouth  tw-o  or  tbiee  days  after  ac 
application.  The  buzzing  in  the  cars  also  ikief  not  always  stop  when 
the  current  is  opened,  prolonged  flashes  before  the  eye*  arc  somclimcs 
noticed,  thougii  but  rarely.  Prolonged  reaction  of  the  olfactory  nerve 
ire  have  never  obscrt-cd. 

We  call  these  prolonged  reactions  evil  effects,  because  they  appear 
in  very  susceptible  patients,  or  after  careless  procedures,  and  are  usu- 
ally accompanied  by  other  effects  tiiat  are  uiuiiistakaUy  evil. 

Disturbanctsof  the  Nerves  e/  Motion  and  Common  Sittsation. — Undet 
this  head  ve  include  hyiwrsesthesia,  general  or  local,  that  an  overdose  of 
electritation  sotncttmcs  produces  in  nervous  and  hysterical  patients,  or 
the  opposite  condition  of  aniesthesia  and  muscular  spasms,  contractions 
and  rigidity.  These  phenomena  arc  not  frequent,  but  in  rare  instances 
they  have  been  obser\-ed  ;  nmscular  spasm,  where  Jt  already  exists,  may 
be  aggravated  tcmponirily  by  electricity. 

jffygiette  of  Patients  after  tfu  Apptiealions.  —  Patients  who  arc  strong, 
and  arc  treated  for  purely  local  troubles,  may  be  entirely  indifferent  in 
'regard  to  their  behavior  after  electrical  applications  ;  ihey  may  cxerciir 
brain  or  muscle,  or  remain  idle,  as  may  be  convenient,  and  the  improve- 
ment under  the  treatment  will  go  on  just  the  same.  But  delicate 
patients  who  are  treated  for  grave  conditions  of  debility,  and  especially 
feiiialcs,  do  better  to  avoid  exertion  after  an  application  :  better  for  them 
to  sit  awhile,  or  rest  on  a  lounge,  and  if  they  are  treated  in  bed  to 
remain  there  ;  and  this,  wc  believe,  is  another  advantage  in  treating  such 
cases  just  after  retiring. 

If  any  fancy  they  t.ikc  cold  as  a  result  of  an  application,  it  is  a  pure 
Cuicy,  or  it  is  the  nervous  chill  that  sometimes  follows  over-electrizatioot 
or  it  is  the  result  of  csposure  in  a  cold  room  while  undressing. 

CumuJatwf  aetioH  of  Elteirieity, — It  sotaetimes  happc;n<(  in  the  treat* 
ment  of  a  painful  and  tender  nerve,  that  a  suddi-n  shock  is  fell,  after 
the  electrodes  have  been  a  long  time  in  position,  even  when  the  airrent 
is  very  mild  aiid  is  scarcely  felt  on  the  surface. 

A  medical  friend,  who  by  our  suggesdon  treated  a  case  of  ulcer  of 
the  stomach  by  the  galvanic  current,  infonned  us  that  a  very  mild 
current  from  a  few  liiic  carbon  cells,  which  gave  no  burning  sensaCioQ 
On  tlie  surface  whatever,  would,  after  the  electrodes  had  been  kept  Id 
position  a  few  minutes,  one  on  the  epigastric,  and  the  other  on  the 
back,  cause  all  of  a  sudden  and  without  any  warning  a  painful  shock, 
as  though  a  strong  current  had  been  suddenly  interrupted  in  the 
metallic  part  of  tlie  circuit.  This  ptieoomenon  occurred  so  often  thai 
be  nbandoDed  the  treatment. 
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Wc  have  uccasiotially  made  the  some  ubsun-ation  on  other  jku-Es  of  the 
bod)'.  Thus,  in  a  case  of  sciatica  that  wc  were  tieating  by  the  galvanic 
current— one  pole  on  (he  course  of  the  nerve  below  the  trochanter, 
and  the  other  on  the  b^ck — only  a  very  slight  senttatioo  wa»  felt  for 
two  or  three  minutes,  when  all  at  once  the  patient  gave  a  jump  at 
Chough  shocked  by  a  powerful  current.  A  number  of  times  during  the 
seance  the  experiment  was  repeated.  Every  pains  was  taken  to  avoid 
error  by  assuring  ourselves  that  the  current  was  accually  running  all  the 
time,  and  that  tliere  was  no  actual  interruption. 

This  cumulative  action,  if  we  may  call  it  such — would  seem  to  b« 
sonicwhat  analogous  to  the  cumulative  action  of  strychnine  and  sKxte 
other  remedies.  The  rationale  of  it  is  in  the  present  state  of  our 
knowledge  hard  to  determine.  Jt  may  be  that  as  the  skin  becomes 
more  and  more  moistened,  its  conductivity  so  increases  that  a  portion 
of  the  nerve  is  traver^^ed  by  the  current  which  at  first  was  not  toudied, 
and  that  this  physical  explanation  is  sufficient.  It  may  be  thai  the 
nerve,  already  in  an  irriuble  condition,  may  have  its  irritability  so 
^eaily  increased,  that  it  develops  it  suddenly  under  continued  though 
mild  stimulation.  We  have,  as  yet,  no  evidence  tliat  such  shocks  are 
specially  haiinful,  although  they  are  unpleasant  and  startling.  They 
can  be  avoided  as  a  rule  by  shifting  the  electrodes  every  moment,  bo 
as  to  avoid  a  long  irritation  of  any  one  spoL 

Jnereased  Toletaiwn  of  EUetritUy, — The  system  can  become 
habituated  to  electricity  just  as  it  becomes  habituated  to  alcohol,  or 
opium,  or  any  other  potent  remedy.  After  a  long  course  of  treat- 
ment, extending  over  several  moniiis,  nearly  all  patients  bear  very 
much  longer  and  stronger  applications  than  at  first.  This  is  observed 
in  those  whose  seositiveuess  to  electricity  is  at  Eirst  extreme.  It  is 
not  therefore  necessarily  a  discouraging  fact  if  at  the  outset  of  a 
course  of  treatment  very  gentle  currents  and  very  short  sittings  are 
required. 

The  Temperament,  as  weli  as  the  Disease,  la  he  eansidered  in  using 
EleeiricUy. — There  are  individuals  whom  electricity  always  injures,  the 
only  difference  \a  the  effect  on  them  between  a  mild  and  a  severe 
application  being,  that  the  former  injures  less  than  the  latter.  There 
rre  patients  upon  whom  all  electro-therapeutical  skill  and  experience 
wasted  ;  their  temperaments  are  not  en  rapport  with  electricity. 
mailers  not  what  may  be  the  special  disease  or  symptoms  of 
:  fiuni  which  they  suffer — paralysis,  ur  neuralgia,  or  neurasthenia, 
via,  or  aJfeclious  of  special  organs — the  immediate  and  the  per- 
effects  of  galvaaixation  or  faradization,  general  or  localized. 
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are  evil  and  only  evil.  We  have  not  arrived  at  this  opinion  by  theorizing; 
we  have  been  driven  to  it  by  the  accumulalinj;  and  irresistible  logic 
of  facts.  The  first  query  that  arises,  in  the  mind  of  the  clcclro-thcra. 
|)etitisl,  when  a  case  under  his  care  responds  badly,  is,  "  Am  1  rigluly 
using  this  remedy  ;  am  I  making  the  application  toe  long  or  too 
Severe,  or  by  improper  methods?  Would  a  change  of  current  be  de- 
■irable?"  But  after  we  have  tried  all  electrical  applications  ;  after  we 
have  gone  from  galvanism  to  faradism,  from  general  to  ]ocaliy.ed  elec- 
trization, from  long  and  severe  to  short  and  gemle  treatments ;  after  we 
ha%'e  rung  the  changes  on  all  these,  and  yet  pcrsislcnity  aggravate 
rather  than  mollify  the  disease,  and  instead  of  strength  and  relief,  pro- 
duce weakness  and  distress,  and  ingtea<I  of  calmness  cause  irriiatioii, — 
then  we  have  only  to  make  as  graceful  a  retreat  as  possible,  and  put 
that  patient  down  as  a  case  that  was  not  born  to  be  treated  by  elec- 
tricity. We  have  no  explanation  to  offer  of  ihe  phencvmcnon  ;  and  the 
popular  belief  or  supposition,  tliat  the  excess  or  deficiency  of  animal 

■  electricity  has  something  lo  du  with  these  matters,  is  as  undemunslrable 
as  it  is  plausible  ;  he  who  should  attempt  to  prove  or  disprove  it  would 
find  he  had  undertaken  anything  but  an  easy  task.     It  would  seem  to 

rCOme  in  Iht:  list  of  those  strange  but  raniiliar  likc>i  and  dislikes  in  rc{(.ird 
to  certain  articles  of  food  or  drink,  or  of  certain  sights  or  odors.  We 
know  of  no  physiognomical  or  rather  external  appearances  by  which 
to  determine  whether  a  patient  does  or  does  not  belong  to  the  unfor- 
tunate few  who  can  have  no  lul  or  share  in  electro-therapeutics.  The 
strongest  equally  with  the  weakest,  the  plethoric  and  the  enervaiedj 
are  found  among  these  Gentiles  of  science. 

The  reverse  (troposition,  that  there  are  certain  constitutions  for 
which,  by  whatever  fonn  of  chronic  disease  ihey  may  be  afflicted,  elec 
tricity  is  always  indica.ted,  is  equally  true.  There  are  patients  who 
find  in  electrical  treatment  almost  a  specific.  Whether  ihcy  suffer  from 
d)'«pepsia  or  neurasthenia,  from  hysteria  or  dieeaxes  of  special  organs, 
rheumatism  or  neuralgia,  clcctri^alion  always  relieves  them  up  to  a 
certain  [XMnt,  at  least,  if  it  does  not  positively  cure.  TAe  broad  fact  to 
be  unJfrstiHxi  if,  that  it  is  not  so  much  the  disease  or  the  symptoMS,  at 
the  temperament  that  indicates  cr  centraindieaies  tleelrizatian, 

H'hile  some  chronic  diseases  are  more  amenable  to  electricity  than 
others,  among  all  patients  there  are  individuals  to  whout  it  is  a  matter 

'of  indifference  wh,it  special  affection  they  may  suffer  from  ;  so  long  as 
imi>rovement  in  local  and  general  nutririon  is  indicated,  they  will  be 
benefited  by  electrical  treatment. 
To  alt  this  it  should  be  added  thai  some  persons  arc  intiifftrtni  to 
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eleclricity— Uiey  can  bear  almost  any  strength  of  cither  current  verj 
fre<(uenil)'  and  for  long  ai>plication8,  without  experiencing  any  effect 
either  good  or  evil.  Kleciricily  may  be  pouied  over  tliem  in  iiiiiitless 
measures ;  they  may  be  saturateil  with  it,  and  they  may  come  out  from 
the  application:!  not  a  whit  better  or  worse.  Patients  who  are  quite 
delicate  and  sensitive  exhibit  thi»  supreme  and  i)rovok.ing  indifference 
to  electricity.  We  arc  inclined  to  believe  also  that  |>atients  vary  in 
their  mseeptibility  ta  eiiciricity  at  different  times  of  life.  Susceptibility 
to  stimulants  and  narcotics  oftentimes  undergoes  strange  modifications 
during  the  Urctime  of  an  individual.  Those  who  at  one  time  cannot 
drink  coffee,  sometimes  find  th.it  a  few  years  »o  modify  the  tempera- 
ment that  they  can  drink  it  with  absolute  freedom,  and  vice  i-ersa. 
Similarly,  also,  al'Coholic  liquors  act  in  a  most  cajiricioiiM  way,  some- 
times benefiting,  nt  other  times  injuring  even  when  nearly  all  the  other 
conditions  except  age  are  the  same.  Idiosyncrasies  in  regard  to  cer- 
tain articles  of  food  are  by  no  means  con.siaiit  tlirough  life — they  may 
change  eicher  way,  and  that  too  in  the  course  of  a  few  years;  they 
may  be  modified  by  febrile  or  other  diseases  that  revoliiliuiiiiie  the 
system,  or  by  residence  in  v.-u-ious  climates,  or  by  mere  lapse  of  years. 
Analogy  would  lead  iis  to  suppose  that  susceptibility  to  electricity  might 
also  be  thus  modified,  and  our  observations  seem  to  convince  us  that 
such  is  llie  case. 

We  arc  further  inclined  to  believe  that  susceptibility  to  electricity, 
favorable  and  unfavorable,  like  all  other  constitutional  tendencies,  is 
subject  to  the  laws  of  hereditary  descent,  and  runs  in  families.  We 
have  treated  by  clectriciry  three  members  of  the  family  of  a  ])hysician, 
who  are  afflicted  with  quite  diverse  maladies,  but  all  of  whom  not  onljr 
improved  under  the  treatment,  but  can  be  electrized  with  great  freedom 
by  cither  current ;  and  yet  none  of  them  are  strong,  and  two  of  them 
are  delicate. 

On  the  other  hand,  wc  have  treated  fantilies  where  several  of  the 
members  are  so  susceptible  to  the  electric  current  that  the  application 
must  be  made  with  great  care  lest  unpleasant  results  occur.  We  arc  fuilv 
convinced  also  that  the  proportion  of  those  who  do  not  bear  electricity 
well  is  larger  among  the  higher  than  among  the  lower  classes;  io 
hosjiital  and  dispensary  practice,  the  number  of  patients  who  exhibit 
excessive  susceptibility  to  the  electric  treatment  is  quite  limited,  whereas 
in  private  practice,  among  the  intellectual  classes,  one  out  of  five  or 
ten,  take  the  cases  as  they  run,  must  be  treated  with  very  considerable 
caution,  lest  disagreeable  symptoms  arise. 

ReliUion  of  Eleeti  ■>'Suiceptivity  to  Prognosis. — Between  electro-suscepp 
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tivity  and  prognosis  there  vould  appear  tobenoconsUnt  rcUtion.  One 
patient  may  be  extremely  susceptible  to  electricity,  and  another  capable 
of  bearing  il  in  large  dt»ses,  and  both  shall  be  benefilcd.  If  there  be 
any  law  in  the  matter  it  is  this,  that  those  who  occupy  the  medium 
ground,  who  are  neither  specially  sen«iive  nor  (he  reverse — offer  thi 
best  prognosis  under  electrical  treatin^nt.  It  is  cfiually  sure,  however, 
ihat  tho&e  who  are  cxceedit>gly  ssnsitive  may  become  so  tolerant  of 
(he  remedy  as  in  derive  great  benefit  from  it.  For  this  reason  we 
should  not  be  discouraged,  even  by  extreme  electro -sensibility  or 
el ectrO' susceptibility  in  our  patients. 

The  most  provoking  class  are  those  who  cannot  be  infliicnred  in  any 
way  by  electricity,  but  who  can  even  from  the  very  first  receive  it 
in  enormoiiA  doses  withotit  showing  or  feeling  any  good  or  evil  effect, 
and  yet  even  such  cases  may  by  protrarted  tIX^atment  be  benefited. 

Jif^ard/er  A^e. — In  the  apportioning  of  the  dose  of  electricity  the 
only  general  rule  to  be  considered  i&,  that  the  extremes  of  life — the 
very  young  and  the  very  old— demand  rather  more  caution  than  those 
in  youth  and  middle  life,  Il  is  not  hoirever  necessary  to  divide  the 
Joses  of  electricity  for  infants  and  cliildren,  as  we  divide  the  doses  of 
ordinary  medicines;  children  from  three  years  down  to  three  months 
and  even  younger  may  be  treated  by  general  faradization  and  central 
galvanization  almost  as  freely  as  adults.  On  theoretical  considerations^ 
and  in  order  to  be  on  the  safe  side,  we  do  not  usually  treat  very  young 
children  as  long,  nr  with  as  strong  currents  as  adults,  nor  quite  so 
frequently,  but  we  have  not  often  seem  any  especially  bad  restdts  from 
quite  prolonged  applications,  provided  mild  currents  are  used.  The 
nile  is  to  give  the  average  baby  about  half  as  much  treatment  as  the 
average  adnlL  Children  cry  when  the  current  hurts  them,  and  this  to 
the  merciful  physician  operates  as  a  check  against  overdosing  them. 

Very  old  patients  —  Iwiween  seventy  and  ninety  —  need  to  be 
treated  with  reasonable,  but  not  extreme  caution.  The  moderately 
agcti — between  fifty  and  seventy — often  bear  electricity  bcticr  than 
those  in  the  more  active  period — between  twenty  and  fifty. 

Regard  far  Sfx. — As  a  nde  females  are  somewhat  more  susceptible  to 
electricity  than  males,  and  require  lo  be  treated  with  greater  caurion ;  not 
that  there  is  any  difference  of  susceptibility  of  the  sexes,  hut  because  in 
civilieaHon  woman  is  more  delicate  than  man,  and  more  readily  influenced 
for  goo<l  ur  evil,  by  all  remedies  and  systems  uf  treatment.  But 
although  the  law  that  woman  is  more  ioipressible  than  man  holds  well 
on  the  average,  yet  the  individual  exceptions  arc  very  numerous. 
Some  women— even  those  who  are  exquisitely  delicate — can  bear  cnor- 
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mom  iluWB  of  dectrkilf,  while  tocDc  men  «bo  are  iny  hzidr  caa  best 


none  at  alL  The  role  however,  is  coostani  cnoogh  Co  make  it 
adraaUe  alwa>s  to  hegia  ib«  treatment  of  delicate  females  with  coo- 
ftiileraUe  camion. 

The  higha  Haccptftflity  of  women  to  decfiricsl  iaiaeooe^  BBkes 
Iheai  jridd  more  nfndljr  thaa  men  to  the  treafeat,  wboi  it  iiuta  the 
tenperament  and  disease,  and  beoceit  is  that  many  of  the  most  deJightibl 
re«ult»  of  general  (anulizalioo  aitd  central  galraftiiatioo.  have  been 
(Stained  m  Deurasibcnk,  anemic,  h}-stencal  wooten. 

The  menitrual  period  in  women  does  not  contraiodicaie  electrical 
treatment  at  all,  bat  on  cotuideratioDS  of  ddicacy  the  operatioas  of 
general  f.iradiution  ai>d  central  galvaniiatioa  cannot  wdl  be  pafcnocd 
al  that  time.  Local  applications  to  the  periphery  caik  be  made  wiiboat 
regard  to  the  menses. 

Regard  for  the  Method  of  Afipluatien  and  tht  SOU  ef  the  Electro 
therapeutut. — It  is  not  electricity  in  the  abstract,  bat  eieiiriiatu>H,—thu 
is,  electricity  applied  to  the  body— that  cures  dii>e35c.  Everything,  tlicre- 
fore,  depends  on  the  method  of  application.  Padents  frequently  say  that 
tb^  have  "  tried  electricity"  and  it  did  no  good.  We  have  long  since 
ceased  to  pay  any  heed  to  such  statements,  or  lo  allow  tbeiii  lo  inHu- 
cncc  our  piognoHS,  unless  it  is  expressly  stated  who  gave  the  electrical 
treatment,  what  methods  were  cm|}loyed,  and  how  faithfully  the  treat- 
ment was  carrie<I  out.  Some  of  the  best  successes  we  have  ore  gained 
with  patients  who  liave  "tried  electncity"  and  found  it  wanting. 
What  should  we  think  of  a  patient  afflicted  with  a  broken  leg  who 
should  say  that  he  had  "  tried  surgery,"  and  it  had  foiled  to  set  the 
bone?  Would  we  not  ask,  "  What  suj^eon  ?  Was  he  a  pretender,  or  a 
man  of  science?  .A.nd  did  he  have  a  fair  chance?"  It  is  i)0>sible»  even 
if  good  ircaiment  at  the  hands  of  good  men  failed  some  time  ago,  that 
the  conditions  may  now  be  so  altered  that  the  same  or  different  treat- 
ment will  lie  successful. 

It  is  not  Ihe  remedy,  it  is  the  manner  of  using  it  that  detemiioes  its 
value.  There  is  as  much  difference  in  electro -therapeutists  as  there  is 
in  general  surgeons,  ophthalinolologists,  or  aurists,  or  gynecologists,  or 
obstctriciarts.  In  the  ranks  of  those  who  use  batteries  are  all  grades 
of  genius,  anrl  lack  of  genius,  especially  the  laiter.  In  electro-thera- 
[laitics  two  currents  are  used,  and  six  different  methods  of  application, 
ind  these  methods  are  all  capable  of  indefinite  variations,  dependent 
on  the  tiistc,  skill  or  cxi>erience  of  the  electro-therapeutist.  When  one 
mode  of  application  fails,  another  may  succeed;  when  one  clectro- 
ihcraiKutist  falls  with  any  mode  of  application,  another  with  the  same 
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mode  of  application  may  succeed.  And  yet,  patients  with  sonic 
obscdte  disva&c,  thai  requires  the  best  diagnostic  as  well  as  ihempcuiic 
skill,  who  have  had,  perhaps,  half  a  dozen  applications  of  the  niagncrto* 
electric  or  rotary  machiri'CK,  at  (he  hands  of  some  stupid  servant-girl, 
declare  dial  they  have  "tried  clctindty."  As  well  might  a  sailor 
whose  brukcn  bone  had  been  badly  set  at  &ea  by  a  comrade  before  the 
loasl,  decUre  that  he  had  "tried  surgery." 

7%f  Differettiial  Prognosis  af  Aeeidcntat  and  Htrtditary  DUtase, 
under  Electrical  Treatment.— 'V\\z  prognos-is  of  any  case  under  electrical 
treatment  dqiendis  more  on  the  time  that  the  disirase  has  been  existing 
than  on  the  nature  of  the  disease  itself.  Very  grave  and  severe  symp- 
toms of  the  mo»t  threatening  character  yield  promptly,  when  they  are 
recenty  and,  so  to  s|>eak,  accidental,  while  mild  and  nameless  syniplonis, 
that  ap]>ear  to  be  of  the  most  trifling  character,  when  long  standing,  and 
especiAlly  when  they  are  inherited,  may  be  exceedingly  obstinate.  It 
becomes  therefore  of  the  first  importance  to  incjuire  hoiv  long  the  mor- 
bid symptoms,  or  other  symptoms  allied  to  them,  have  been  existing  in 
the  patient,  before  making  a  prognosis.  This  principle  applies  to  all 
diseases  for  which  electricity  is  employed.  It  is  illustrated  in  a  most 
interesting  manner  in  hysteria  and  allied  aflccdons.  If  two  cases  pre- 
sent themselves,  both  suffering  from  symptoms  of  hysteria  and  neuras- 
thenia, but  in  one  case  the  symptoms  are  a  lifelong  heriiage.  while  in 
the  oiher  ihey  have  arisen  recently,  and,  so  to  speak,  accidcnially, 
the  prognosis  in  the  latter  case  is,  other  conditions  being  the  samn,  con- 
sequently more  favorable.  Even  if  the  5>-mpto!ns  in  the  recent  case  be 
M'a  severer  type,  the  prognosis  may  be  much  better  than  in  the  inher- 
ited case.  On  this  accoimt  it  becomes  necessary  to  inquire  with  dili- 
gence, and  repeatedly,  of  the  patierls  and  of  their  friends,  in  order  to 
see  whether  any  allied  sj-raploms  have  been  their  portion  through  life, 
and  whether  the  special  disturbances  for  which  they  require  ireatiiieat 
are  simply  branches  of  a  great  tree  of  disease  that  has  grown  up  in  them 
from  the  moment  of  their  inception. 

AVhcn,  for  example,  a  patient  appears  with  sciatica,  or  tic-douloureux, 
it  is  not  enough  to  Icam  how  long  that  partinilir  sym|)tom  has  dis- 
tressed him  in  the  present  attack.  The  questions  to  be  asked  are : 
Has  he  ever  at  any  period  of  Itis  life  had  this  or  any  other  forn>  of 
neuralgia  ?  Is  he  of  llie  nervous  diathesis?  Have  his  parents  or  any 
of  his  near  relations  suffered  from  neuralgia,  or  from  any  disease,  or 
symptomsof  discascthat  are  allied  toil?  On  the  answers  given  to  these 
queries  will  depend  our  probable  prognosis,  not  only  a.s  to  the  rapidity 
of  relief  under  electrical  treatment,  but  also  as  to  'ws permanency. 
»7 
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Inherited  diseases  are  inclined  to  relapse  :  the  symptom  ma/  give 
way,  apparently,  bt:f()re  the  force  of  tfeatinent,  but  may  rea])|iear  as 
easily  as  it  disappeared,  even  while  the  treatment  is  continued. 

AJttr-Effefts  of  Electrical  lytatment. — It  is  a  fact  well  recogniEcd 
that  the  tonic  effects  of  a  trip  to  Kuiopc,  or  to  the  mountains,  or  of 
a  short  vacation  anywhere,  or  at  any  season,  are  frequently  but  little 
appreciated  while  the  patient  is  travelling  or  recreating ;  hut  appear 
days,  weeks,  and  n)onihs  subsequently.  A  debilitated  man  may  receive 
no  8tri;ngth  while  on  the  ocean,  or  at  the  hotel,  or  farm-houfie  in  the 
country,  may,  indeed,  seetu  to  grow  weaker  instead  of  stronger,  and 
may  become  disheartened  thereby,  but  on  his  return  to  his  duties,  heallh 
may  gradually,  perhaps  imperceptibly,  come  to  him,  and  be  may  cxpcri> 
ence  a  renovation  and  a  recuperation  that  can  only  be  explained  as  the 
a/Ur  efTticts  of  his  vacation. 

It  is,  perhaps,  oot  so  well  recognized  chat  tonic  remedies,  and  systems 
of  treatment  of  various  kinds,  may  act  just  in  the  same  way.  Not  only 
the  evil  but  the  fjood  citects  of  medicines  m.iy  be  cumulative.  We  may 
see  this  principle  illustrated  in  the  administration  of  quinine,  strychnine, 
arsenic,  phosphorus,  and  iron. 

Electricity  obeys  the  same  law,  and  io  certain  constitutions,  and  cer* 
tain  Klatcs  of  the  system,  especially  those  of  debility,  il  docs  little  or 
nothing  that  the  patient  can  sec  or  feel  during  the  treatment  itself,— 
but  prepares  the  way  for  a  perfect  and  permanent  recovery.  We  have 
seen  this  principle  illustrated  in  a  large  variety  of  cases  of  chronic  dis- 
ease. The  practical  lesson  that  we  are  to  derive  from  this  is  to  en- 
courage patients  who  do  not  feel  fully  satisfied  with  the  progress  that 
they  make  while  under  treatment,  to  watch  closely,  if  possible,  their 
career  long  after  treatment  is  aboudoned. 

Eteitrization  in  its  Reiaiiottsto  other  Eorms  of  Treatment. — The  ques- 
tion, so  often  asked,  whether  electrical  treatment  will  interfere  with 
internal  medication,  or  with  gymnastics,  the  Russian,  Turkish  or  other 
baihs,  and  so  forth,  is  very  easily  answered.  Il  harmonizes  with  all  other 
tunic  remedies,  and  methods  of  treatjuent  that  are  employed  for  the 
cojnnion  purpose  of  reUeving  pain,  oi  building  up  btoken-down  consti- 
tutions. 

Excq)t  in  cases  where  we  wish  to  experiment  and  learn  the  t!ierapeu- 
tical  value  of  electricity  by  itself  alone,  uncomplicated  with  other 
healing  factors,  it  is  a  positive  advantage  oftentimes  to  employ,  at  the 
same  time  with  electricity,  external  or  internal  medication  of  varioiij 
kinds.  So  far  as  we  now  know  there  is  no  medicine  that  is  incom- 
patible with  electricity.    There  is  no  evidence  that  any  remedy  has  any 
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specific  reenforcing  effect  upon  electricity,  such,  for  example,  ascertain 
stimulants  have  on  hydrate  of  chloral.  Some  of  rhe  best  therapeutical 
results  are  obtained  bom  a  combination  of  ekctrica!  with  other 
(reatmeiit. 

Om  i^e  Use  of  EUttricHy  by  the  Laity. — Even  at  this  advanccil  stage 
of  electro-lherapeutics  it  seems  to  be  necessary  to  constantly  warn  the 
profession  against  indiscriminately  intrusting  the  details  of  electrical 
applications  to  the  nurses,  friends  of  i^atients,  and  Ihc  ])atic»t8  them- 
selves. Having  just  rescued  this  department  from  the  hands  of  the 
laity,  and  given  it  a  position  among  men  of  science,  it  &eems  strange 
that  lliose  physicians  who  are  familiar  with  the  subject  should  even  now 
use  their  tnducnce  to  tctuni  it  iu  tlK-  people  at  whoiic  tundx  il  for- 
merly suffered  so  much ;  to  restore  it  to  the  captivity  of  prejudice  and 
ignorance. 

The  temptation  on  the  pan  of  the  people  to  use  electricity  them- 
selves, and  on  the  part  of  the  profession  to  allow  them  to  do  so,  is  very 
strong.  The  majority  of  physicians  know  little  mure  of  electro- thera- 
peutics than  dieir  patients.  Some  have  a  theoretical,  but  not  a  practical 
acquaintance  wit]]  iL  Then  there  are  those  who  are  well  practised  in 
the  art,  but  arc  too  closely  occupied  to  employ  it.  They  have  no  ap- 
paratus, or  if  they  have  any  it  is  very  likely  out  of  order.  Perhaps  no 
specialist  is  accessible,  or  the  patient  is,  or  is  supposed  to  be,  too  poor 
to  employ  one.  The  physician,  forgetting  that  it  is  not  electricity,  but 
electrization  tliat  cures  disease,  forgetting  that  there  are  two  kinds  of 
electricity  in  common  use,  and  six  different  methods  of  applicaiion, 
every  one  of  which  is  capable  of  various  modifications,  forgetting  that 
there  arc  certain  lemperaments  that  will  not  bear  electricity,  howevci 
applied,  and  that  there  are  others  who  must  be  Created  at  first  with 
great  skill  and  caution,  and  un  whom  the  currents  and  methods  em> 
ployed  must  be  studiously  varied  during  a  course  of  treatment,  in 
short,  forgetting  that  clectru-therapeulics,  considered  as  a  science  or  an 
ait,  is  wonderfully  complex  and  exacting,  orders  the  patient  to  **  gfi  a 
battery  and  try  eleetrUity" 

This  prescription  is  usn.Tlly  carried  out  in  the  following  manner  :  An 
old  magneto-electric  machine  ^rotary)  is  trumped  up  from  some  neigh. 
tor's  garret,  where,  after  having  failed  to  cure  any  member  of  the  family, 
it  has  been  rusting  for  years.  If  the  patient  be  wealthy,  perhaps  a  new 
faradic  machine  is  ordered,  that  gives  a  harsh,  rough  current,  and  when 
applied,  drives  the  patient  to  despair.  The  friends  of  the  patient  are 
bored  with  the  recjuest  of  the  patient  to  apply  electricity,  and  only  hali 
do  their  duty ;  consequently  the  patient  tries  to  make  the  application 
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to  himself,  and,  of  necessity,  makes  awkward  work.  Pretty  soon  th« 
metals  become  corroded,  and  the  current  ceases  to  How,  and  the  baltcry 
is  soon  consigned  to  liie  closel  or  garret,  where  it  will  do  no  harm, 
and  probably  as  much  good  as  in  tlie  hands  of  the  patient. 

This  picture  is  no't  drawn  from  fancy  ;  it  is  a  picture  of  genuine  and 
irequcnt  experience. 

Abtra'iatiofis  used  in  Elfctro-Theraptnlict. — It  is  a  decided  con- 
venience and  saves  nmch  time  in  recording  cases,  in  giving  jirivate 
instniction,  in  public  lecturing,  and  in  conversation,  to  describe  elec- 
trical applications  by  abbreviations.  About  a  year  since  we  devised 
the  following  abbreviations,  which  have  been  used  with  satisfaction  in 
giving  private  instniction  and  ia  conversation  with  our  assistants  and 
others  who  arc  familiar  witU  it,  and  in  records  of  cases  from  day  to  day. 
Wc  do  nut  adopt  it  in  the  present  treatise,  for  the  reason  that  it  is  not 
yet  widely  known,  and  might  perplex  and  bewilder  ibe  reader  ; 

I..  F.     Localized  faradlzatioa 

1..  G.  "         galvantzatioD. 

G.  F.     General  faradiitation. 

C.  G.     Central  galvanisation. 

G.  R     Galvanization  of  the  brain. 

G.  C.  S.  "  "        sympathetic 

G.  S.  "  "       spine, 

E.     Electrolysis. 

G.  C.     Gal^-aj-.o-cautery, 


CHAPTER  IV. 


COUPARATIVB   VAtUE   OF  THE  GALVANIC  AND    FARADIC  CURRENrS. 


Much  of  the  confusion  that  exists  concerning  the  differential  intiica. 
tions  for  the  use  of  the  g&K-anic  ami  faradic  currents  arises  from  an  im- 
perfect or  erroneous  or  exaggerated  conception  of  the  dtslinclion  in 
ihcir  physical  and  physiological  effects.  The  general  belief  or  supposi- 
tion  is  that  there  is  between  them  a  radical  and  important  difference 
in  kind,  as  though  ihey  were  two  different  agents  or  furccs. 

We  can  most  intelligently  compare  the  therapeutical  effects  of  the  two 
currents,  if  we  first  compare  their  physical  characteristics  and  their  phy- 
fliological  effects. 

By  referring  to  the  section  on  electro- physics,  it  will  be  seen  that  both 
cuirenls — iaradic  and  gaWaiuc — are  capable  of  prwlucing  chemical  de- 
^composition,  of  deflecting  tlie  needle  of  the  galvanometer,  of  producing 
Bparks,  and  of  Ijciiig  changed  into  lieaL  Generally  speaking,  tUese 
c&cts  are  produced  more  pcwerfuUy  by  tlie  galvanic  current ;  but  in 
Gramtnc's  machines  wc  shall  sec  that  magneto-electricity  is  capable  of 
producing  great  heat  and  of  elcclroplaling  on  an  enormous  scale. 

Both  currents  are  obedient  to  the  law  of  Ohm,  with  this  qualificationt 
diat  the  faradic  current  must  be  regardCTl  as  having  passed  through  a 
great  resistance. 

Faradic  and  galvanic  electricity  arc  therefore  the  same  force — elec- 
tricity, only  each  variety  is  niodiiied  by  the  nature  of  the  substanca 
through  which  it  circulates,  as  welt  as  the  manner  of  its  production. 

Light  is  light,  whether  Its  waves  arc  shorter  or  longer,  and  in  ^pite  of 
interference  and  polarization,  and  whatever  may  be  the  color  iliat  it  ex- 
cites in  the  retina  ;  sound  is  sound,  whether  its  undulations  move  slowly 
or  rapidly.  So  electricity  is  electricily,  liowcver  generated  or  however 
modified  by  the  medium  through  which  it  moves ;  and  all  furms  of  it, 
oagnetism,  as  well  as  franlclinism,  gsUvanisni,  and  the  many  .-arieties  of 
'  feradism,  arc  merely  different  expressions  of  the  one  great  force — elec 
thcity. 
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In  their  p/i_ytuf/ffgifa/ effects  the  two  currents  approach  each  othct 
»vcn  more  closely.  It  is  inie  that  the  pheaomena  of  electrotonos  have 
only  been  demonstrated  under  the  galvanic  current ;  but  it  is  not  proved 
that  Mmilar  phenoincna,  to  a  less  degree,  may  not  be  caused  by  the  faradtc 
current,  and  cvery-thy  experience  in  electro-therapeutics  shows  that  with 
the  faracUc  current,  as  with  the  galvanic,  the  positive  ]K>le  is  tlie  mure 
calming,  and  the  negative  the  more  irritatiag.  £oth  currents  act  on  the 
skin  »o  as  to  modiry  tiie  circulation,  the  galvanic  having  a  greater  chemi- 
cal  effect  and  causing  a  feeling  of  burning,  while  the  faradic  causes  a  fceU 
ing  of  stinging  and  pricking,  itoth  currents  applied  to  die  brain  and 
spinal  cord  excite  contractions  of  peripheral  muscles.  Applied  to  the 
sympathetic  both  currents,  according  to  the  degree  of  irritation,  cause 
contraction  or  dilatation  of  tlie  cerebral  ve&scis ;  the  faiadic  producing 
the  same  effect  as  the  galvanic,  only  more  slowly.  Applied  to  the  pneu- 
mogastric,  whether  cut  or  injured,  both  currents  produce  about  the  same 
effects  on  the  heart  Even  in  their  action  on  the  nerves  of  special  sense 
the  currents  approach  each  otlier  far  more  closely  than  has  been 
supposed. 

In  temperaments  of  a  high  order  of  susceptibility  the  faradic  current 
may  so  excite  the  retina  as  to  cause  flashes  before  tlie  eyes,  and  may 
produce  a  metallic  taste  in  the  mouth,  and  even  the  auditory  nerve  re- 
sponds  to  the  faradic  current,  though  less  distinctly  than  to  the  gaU 
vanic  current,  and  witlioul  the  peculiar  differential  action  of  the 
(lolcs. 

Applied  to  motor  and  sensory  nerve  branches,  both  currents  and  both 
poles  cause  sensations  of  pricking,  tingling  and  numbness,  and  contrac- 
tions of  the  muscles  which  the  nerve  supplies.  Applied  to  \-uluntary 
muscles  both  currents  cause  contractions,  the  faradic  more  readily  than 
the  galvanic  ;  applied  to  involuntary  muscles  both  currents  cause  slow 
contraction  at  both  poles  and  in  the  intermediate  region.  The  electro- 
lytic  action  of  the  faradic  current  on  the  blood  or  on  the  tissues  of  the 
body  is  but  feeble  as  compared  with  that  of  the  galvanic  cuneot ;  but 
yel  it  exists,  and  frointhe  inner,  or  primary  coil,  is  easy  of  demonstration  ; 
and  yet  it  must  be  confessed  that  in  their  chemical  action  the  currents 
diverge  more  widely  than  in  any  other  physiological  effect. 

Over  nutrition  both  currents  and  both  poles  have  a  powerful  influence, 
faradic  acting  mure  prominently  through  the  muscular,  the  galvanic 
gb  the  nervous  system. 

Ihe  accumulating  results  of  experiments  and  experience  in 

ignosis  and  therapeutics,  we  think  that  there  is  strong  reason 

g  the  essential  distinction  in  the  effects  of  these  currents  on 
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the  body  as  mainly  tf  ^//^rw,— practically  amounting,  it  is  true,  to  a 
difference  in  kind, — and  that  this  is  the  scientific  basis  for  their  differen- 
tial employment. 

In  the  form  of  localized  electrization  both  can  produce  muscular 
contractions  in  ])aralyzed  muscles,  and  relieve  U)cal  neuralgias  j  both 
cause  absorption  of  abnormal  secretions ;  and  both  can  directly  affect 
the  brain,  spinal  cord,  sympathetic,  and  all  the  internal  organs,  pro- 
ducing, in  different  degrees,  the  various  therapeutic  results  that  directly 
and  indirectly  flow  from  electrical  excitation  of  these  parts.  In  the 
form  of  general  electrization  both  currents,  besides  producing  most  of 
the  other  results  of  localized  electrization,  act  as  powerfully  stimulating 
tonics,  and  thus  form  most  efficient  aids  in  the  relief  and  cure  of  nerv- 
ous exhaustion,  nervous  dv&pepsia,  constitutional  neuralgia,  and  of  a 
wide  raoge  of  nervous  diseases  associated  with  or  dependent  00  general 
debility. 

In  electro- surgery'  both  currents  avail  to  discuss  tumors,  heal  ulcers, 
and  hasten  absoqjtion,  although  for  these  purposes  the  galvanic  is 
incomparably  the  more  cffcclivc. 

And  yet  the  difference  in  degree  between  the  effects  of  the  two  cur- 
rents is  so  marked  and  so  clearly  demonstrable,  as  to  be  practically 
equivalent  in  ccrlaio  instances  to  a  difference  in  kind,  and  to  give  very 
important  and  remarkable  advantages  to  one  current  or  the  other,  ac* 
cording  to  the  indications  required. 

The  advantages  of  the  galvanic  over  the  faradic  are : — 

1.  A  greater  fiewer  0/  overcoming  resistanee.  It  therefore  aflects  the 
brain,  spinal  cord,  and  sympathetic  more  powerfully  than  the  faradic, 
since  the  anatomical  position  of  these  parts  is  such  that  considerable 
resistance  mn^t  be  overcome  in  order  to  directly  affect  them.  Kor  the 
same  reason  it  is  usually  to  be  preferred  when  it  is  desired  to  affect  the 
middle  and  internal  car,  the  rerina,  and  the  muscles  of  the  eye. 

2.  A  power  of  producing  muscular  eontraiiiotis  in  cases  where  the 
faradic  fails.  This  peculiarity  of  the  galvanic  current  has  now  been 
observed  so  frequently,  and  in  such  striking  instances,  that  it  has  be- 
come an  accepted  fact  of  clcclro-therapeutical  science.  Illustrative 
examples  irill  be  given  in  the  section  on  paralysis.  After  a  certain 
amount  of  treatment  by  the  galvanic  current  the  paraiyEed  musclea 
frequently  resume  their  susceptibility  to  the  faradic 

3.  A  far  mere  potent  elecirotonic,  electrolytic,  and  thermic  action. 
The  chemical  power  of  the  galvanic  current  is  most  markedly  seen 
when  used  for  the  purposes  of  galvano-cautery  or  electrolysis.  The 
superior  efficacy  of  the    galvanic    current  to    the  faradic,  so   often 
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observed  in  the  ccatment  of  neuralgia,  of  atrophied  muscles,  rheuma- 
tism, is  probably  due  to  its  greater  "catalytic"  sclion.  It  probably 
induces  more  rapid  and  more  important  molecular  and  other  changes  in 
the  tissues.  This  superiority  of  the  galvanic  current  is  supposed  to  be 
due  to  its  more  continuous  duration  ;  it  moves  constantly  in  one  direc. 
tion,  and  thus  produces  more  powerful  electrolytic  effects  than  the  fa* 
radic  current  with  its  rapid  interruptions  can  possibly  produce. 
The  advantages  of  the  f:iradic  over  the  galvanic  current  are  these  : — 

1.  By  virtue  of  Us  frtquost  interruptions  it  more  easily  produets 
muscular  (ontractisnt  when  passed  tn^er  the  muscles  or  the  nen>ts  that 
supply  them.  In  order  to  produce  full  muM^ular  contractions  with  a  gal- 
vanic  current  of  moderate  srrcnglh  it  is  necessary  to  inlemipt  the  cur 
rent,  and,  unless  it  is  quite  powerful,  to  localiie  at  least  one  of  the 
electrodes  over  ihc  motor  nerve  liy  which  the  muscle  is  supplied — that 
is,  over  the  so-called  "  motor  points."  On  the  contrary,  the  faradic 
current  is  in  a  condition  of  rapid  inttfmiption  and  produces  contractions 
when  indiflfcrcntly  [wsscd  over  the  surface  of  the  muscle,  as  well  as  when 
localized  on  the  main  motor  ner\'e  that  supplies  it. 

This  adv.inl3gc  of  the  faradic  current  is  best  appreciated  in  general 
faradization,  the  powerful  tonic  effects  of  which,  as  will  be  seen,  are 
partly  and  quite  largely  due  to  the  passive  exercise  and  consequent 
oxidation  and  other  important  changes  of  tissue  that  result  from  lb<! 
several  thousand  niuscular  contractions  that  take  place  during  an  ordi- 
nary silting.  In  localized  electrization  this  advantage  is  not  so  clearly 
and  strongly  marked,  since,  in  this  method,  by  a  proper  knowledge  of 
electrO'lhcrapeutical  anatomy  and  sufTicient  care,  it  is  possible  lo  direct 
one  of  the  electrodes  on  the  "  motor  points  ;  "  and  yet  even  here  the 
faradic  current  is  much  more  convenient,  because  its  employment  re. 
quires  no  arrangement  for  interruption,  and  less  minuteness  of  attention 
to  thi?  situation  of  the  motor  nerves.  The  exceptional  cases  of  paraly. 
sis,  where  the  mustrles  have  lost  tlieir  susceptibility  to  the  faradic  cur. 
rent,  do  not  interfere  with  ihe  general  rule. 

2.  //  produces  greater  mechanical  effects.  These  mechanical  effects 
of  the  faradic  current  arc  due  to  its  rapid  interruptions,  which  cause 
contractions  not  only  of  the  mujcles  but  also  of  the  contractile  fibre- 
cells,  thus  stimulating  the  circulation,  and  with  it  the  processes  of 
waste  and  repair.  In  this  respect  its  action  is  similar  to  that  of  rub- 
bing, pounding,  movements  and  vibrations.  These  mechanical  effects 
are  especially  indicated  in  Ihe  treatment  of  diseases  of  Ihe  abdominal 
v-iscera,  which  are  supplied  with  contractile  6bre-cull«  ;  tuuesthcaia,  and 
i^eneral  muscular  debility. 
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3.  It  is  less  likely  to  pnyduit  unpleasant  at  harmful  effeets,  when 
inttutifiusly  usfd,  than  the  gah-anic. 

T5  confirm  this  statemenl  wc  rest  mainly  on  the  evident  results 
of  clinical  observation.  We  may  indeed  refer  to  a  number  of  cases  of 
severe  constitutional  neuralgia  and  excessive  ner\ous  exhaustion  where 
the  fara^tic  current  invariably  relieved,  and  where  the  galvanic  current 
as  invaritbly  aggravated,  the  symptoms.  For  this  reason  it  is  better  to 
begin  the  practice  of  electro- therapeutics  with  the  faradic  current,  and 
for  those  funilics  who  desire  a  scientific  plaything,  the  faradic  machine 
is  safer  than  the  galvanic  apparatus. 

Id  all  applications  to  the  head,  neck,  and  spine  especially,  applica- 
tions of  the  galvanic  current  can  rarely  be  protracted  without  injury, 
while  in  many  aise«  the  spine  and  neck  may  be  faradized  through  very 
prolonged  sittings,  with  positive  benefit  to  the  patient.  To  the  head, 
also,  a  faradic  current  of  a  jiroper  quality  may  he  applied  much  longer 
than  a  galvanic  current,  before  uni^Leasaitl  dizziness  or  headache  is 
excited.  The  belief,  pretty  generally  entertained  in  Ejirope,  that  the 
faradic  current  cannot  be  applied  to  the  head  without  injur)',  is  to  be 
accounted  for  by  the  (act  that  most  of  the  electric  machines  there  em- 
ployed are  scparale-coil  machines,  and  do  not  furnish  a  current  of  suffi- 
cient sroooihness  for  faradization  of  ihe  head.  Most  of  those  who  at- 
tempt tliis  method  of  treatment  use  too  small  electrodes,  and  thus  give 
the  current  greater  density  than  the  brain  can  bear.  Galvanization  of  the 
eye  or  ear,  or  of  the  cervical  sympatlielic,  must  always  be  shorter  than  fara- 
iSzation  of  the  same  parts.  ITiese  considerations,  however,  need  not  inter- 
fere with  the  use  of  the  galvanic  current  to  these  parts,  in  all  cases  where 
it  offers  a  positive  advantage  over  the  faradic.  There  is  no  real  danger 
in  using  either  current  00  auy  patient,  provided  it  betiscd  properly. 

A  consideration  of  some  practical  importance  with  general  practi- 
tioners is,  that  the  faradic  apparatus  is  more  convenient,  more  portable, 
than  even  the  compactest  galvanic  apparatus  that  has  yet  been  devised- 
It  is  impossible,  however,  for  any  practitioner  to  realize  anything  tike 
the  full  benefit  of  electrization  wiihout  apparaitis  for  the  galvanic  ai 
well  as  the  faradic  current. 

The  general  ditferential  indications  for  the  use  of  the  two  currents 
tnay  be  thus  summed  up.     The  galvanic  should  be  used — 

1.  To  aft   tetfh   special  Et.ECTROrONIC  and  ELSCTROI.VTIC  POWrR  -m 

the  brain^  spinal  eortt,  sympafhetie,  or  any  part  of  the  central  fir  pertph- 
tral  nervoHS  system. 

2.  Tp  frodiiee  ceniractions  in  paralysed  museltT  that  fail  ifi  respcna 
to  tht/aroHie. 
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3.  In  electrostltgeryt  to  produce  tlectrolysis  or  eautet  isatitm. 

The  faradic  should  be  used— 

1.  To  act  Mii-DLy  on  the  brain,  spinal  cord,  symfiaiHetie,  er  an]  fori 
9/ the  central  or  peripheral  nervous  system. 

«.  To  excite  muscular  tontratiions  wherever  the  muscles  are  not  so 
mtiek  diseased  as  to  be  unadle  to  respond  to  it. 

3,   To  produce  Strang  mechanical  effects. 

Both  are  essenrial  in  electro-diagnosis — the  faradic  especially  for  the 
muscles,  and  the  galvanic  especially  for  the  nervous  system  ;  and  both 
are  adapted  for  general  as  well  as  localized  electrization,  although  in 
general  electrization  the  faradic  current  is  chiefly  used  It  logically 
follows  from  wba:  has  been  said  that  very  many — perhaps  the  majori^ 
— ^)f  diseases  are  best  treated  not  by  one  current  exclusively,  but  by 
both  cuiTcnts,  cither  in  alternation  or  succession.  Special  indications 
will  be  given  under  the  special  diseases. 

7^4  two  currents  compared  to  bromide  0/ potassium  and  hydrate  of 
chiorat 

W'c  arc  accustomed  to  compare  in  a  rough  way  the  Ui&erenlial  action 
of  the  currents  with  the  differential  action  of  bromide  of  potassium  and 
hydrate  of  chloral,  the  faradic  current  being  the  bromide  of  potassium, 
and  the  galvanic  the  hydrate  of  chloral. 

Bromide  of  potassium  is  a  safer  remedy  than  hydrate  of  chloral, 
but  there  arc  very  many  cases  where  it  is  powerless,  and  the  hydrate  of 
chloral  acts  as  a  specific  ;  so  the  faradic  current  is  safer  titan  the  gal< 
vanic,  and  therefore  better  adapted  for  general  use,  and,  for  those  who 
use  but  one  current,  fulfils  a  larger  rctiuircnicnt ;  and  yet  there  arc 
many  cases  where  it  fails  and  the  more  powerful  galvanic  is  demanded. 
Kxcept  for  the  cases  where  the  galvanic  current  13  clearly  Indicated,  it 
is  well  to  begin  with  the  faradic  current,  just  as  we  use  bromide  of 
potassium  before  resorting  to  hydrate  of  chloral. 

A  combination  of  bromide  of  potassium  and  hydrate  of  chloral  is  | 
frequently  more  effective  in  producing  sleep  and  relieving  pain  thaa 
either  remedy  when  used  alone  :  similarly  the  combined  or  alternate 
use  of  the  faradic  or  galvanic  currents  will  sometimes  accomplish  much 
tiiDte  than  either  current  used  exclusively. 


OALVANO-Fjl  RADIZATIOX. 


In  order  to  secure  the  advantages  of  both  currents,  and  at  tht  same 
dmc  to  avoid  the  trouble  and  inconvenience  of  employing  them  in  suc- 
cession, or  altemalcly,  as  is  so  frequently  necessary,  we  have  f'eviscd  a 
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inethod  of  using  Ihem  simultaneously.  To  this  method  wc  have  given  a 
name  which  sufficiently  expresses  its  character — gaivano-faradisalion. 
It  may  be  either  general  or  localized. 

The  method  of  general  gal vaae -faradization  requires  a  double 
electrode,  with  00c  part  for  the  galvanic  and  the  other  for  the  faradic 
current.  The  copper  plate  may  be  connected  at  one  part  with  the 
pole  of  the  firadtc,  and  at  another  with  that  of  the  galvanic  apparatus ; 
thus  the  circuit  is  completed  for  both  currents. 

In  localized  galvano-fanulization  it  is  necessary  to  have  in  iiae  tiro 
double  electrodes;  for  this  purpose  the  double  excitors  of  Duchenne 
answer  very  well.  By  a  proper  conslniclion  and  adjustment  of  the 
electrodes  it  is  possible  to  localize  the  two  currents  very  near  to  each 
other.  Whether  any  special  therapeutical  advantage  arises  from  tlic 
^multaneous  use  of  the  two  currents,  we  are  unable  to  state. 

We  allow  the  above  description  of  galvano.faradization  to  stand  jusl 
as  it  appeared  in  llie  lirst  edition. 

Since  we  have  used  central  galvanization — a  method  to  be  subse- 
quenUy  described — we  have  dbpcnsed  almost  entirely  with  general 
galvaiio-firadizatioD. 


CHAPTER  V. 

TBE  PRINaPt.r.S  OP  Br.lCTRO-BIAGNOSIS  (EtECTRf>-PATHOI/»nY). 

Iw  tilis  chapter  we  ghall  speak  only  of  the  prmcipUs  on  wliich 
etcctricity  is  used  as  a  means  of  diagnosis  in  medicine.  The  details 
and  siiccial  applications  of  these  principles  will  appear  under  the  vari- 
ous diseases. 

A  history  of  the  use  of  electricity  as  a  means  of  diagnosis  would  very 
likely  be  the  history  of  electro-thera  pen  tics  itself.  As  soon  as  men 
began  to  use  the  voltaic  pile  rn  the  treatment  of  paralj-sis  and  kindred 
diseases,  about  the  middle  of  the  last  century,  jiist  so  soon,  probably, 
they  began  to  lest  the  power  of  the  electric  current  to  diagnosticate 
disease  We  logically  infer  that  electrization  was  used  as  a  racans  of 
diagnosis  much  earlier  than  the  published  treatises  on  tlie  subject  would 
show,  from  the  fact  that  it  has  been  so  used — in  a  blind  and  empirical 
way,  it  is  true — in  this  country,  for  thirty  or  forty  years.  Mankind, 
always  and  c%'erywherc,  are  superstitious,  credulous,  ready  to  receive 
whatever  approache;  them  with  an  air  of  mystery,  much  more  so  in  the 
last  century  than  in  the  present  ;  and  it  is  certainly  not  unfair  to  sup- 
pose that  the  earlier  experimenters  in  this  dcparlmL-nt  consulted,  to  a 
greater  or  less  extent,  the  diagnostic  or  prophetic  power  of  the  subtle 
agent — electricity.  Their  experiments,  we  may  suppose,  were  unscien- 
tific and  unsatisfactory.  They  were  probably  neither  based  on  any 
well-defined  principles,  nor  conducted  by  any  intelligible  system.  Ac- 
cordingly, they  secured  very  few  tangible,  or  at  least  communicable,  re- 
sults, and  if  scientific  men  had  not  espoused  the  cause  of  electro-thera- 
peutics, the  phrase  electricity  as  a  means  of  diagnosis,  would  never  have 
been  known.  Nearly  all  that  has  been  accomplished  in  a  scientific 
way,  in  this  department,  is  comparatively  recent ;  though  Marshall  Hall 
earnestly  called  the  professional  attention  to  the  fact  tliat  Electricity 
might  assist  us  in  differentially  diagnosticating  paralysis  as  far  back  as 
1839.*  Since  that  time  the  subject  has  been  studied  by  nearly  all  the 
prom'nent  workers  in  the  department  of  electro-therapeutics. 
*Hcdico-C]iirur)pcal  Transutlons,  1^39. 
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In  order  to  be  expert  in  eleciro-<3iagnoMs,  k  is  necessary  to  be 
thoroughly  familiar  with  the  normal  reaction  of  the  diffuent  parts  aD<1 
organs  of  the  body  to  faradic  and  galvanic  electricity.  The  foundi- 
tton  principles,  on  which  Electricity  can  be  made  a  means  of  diagnosis 
ofdiscrase,  arc  simply  these  four  : — 

J^irst.  Th<  fact  that  all  tht  f^aris  and  organs  of  tki  body  are  mart  er 
less  sensitive  to  the  electric  current,  and  that  this  sensitii-eness  is  modified 
by  disease.  This  electro-sensibility  may  be  either  increased  or  dimin> 
ished 

If  an  electric  current  be  passed  through  a  boil,  or  irritable  ulcer,  or 
the  skin,  like  any  other  irritant,  it  excites  more  pain  than  when  it  is 
applied  ovct  the  healthy  skin  ;  and  this  pain  which  it  cinses  usually 
bears  quite  a  direct  proportion  to  the  nature  and  condition  of  the 
morbid  process.  This  is  so  familiar  and  so  appnrent  an  example  of  in- 
crease of  eleclro-sen&ibility,  that  to  suie  It  is  10  denionatrate  it.  The 
electric  currents,  during  the  various  processes  of  electriotion,  penetrate 
beneath  the  skin,  and,  as  it  has  been  experimentally  and  practically 
demonstrated,  traverse,  to  a  greater  or  Ictis  extent,  the  principal  vital 
organs.  It  is  evident,  therefore,  that  those  organs  which  are  abnor- 
mally sensitive,  llirough  disease  of  any  kind,  must  feel  the  current  much 
more  appreciably  than  when  in  a  condition  of  health. 

But  the  titechaoical  effects  of  the  electric  currents  work  both  waj-s, 
and  organs  which  are  indurated  or  changed  into  an  anesthetic  condi- 
tion by  disease  arc  less  sensitive  than  is  normal  to  the  electric  current, 
just  as  they  ore  less  sensitive  to  any  other  mcclumical  cause  acting  upon 
them. 

Accordingly,  we  find  tliat  when  even  powerful  electric  currents  are 
passed  through  an  indurated  joint,  or  an  atrophied  liver,  or  any  part  the 
sensory  nerves  of  which  are  paralyzed,  they  may  produce  little  sensa- 
tion. 

Before  nuking  examinations  to  determine  the  sensitiveness  of  the 
different  parts  of  (he  miriace  of  the  body,  it  is  neccsjiary  to  know  their 
relative  nonnal  sensitiveness,  as  indicated  and  described  in  (he  chapter 
on  Electro-Therapeutical  .\natomy. 

No  absolute  Standard  of  Eleeiro-sensibitity. — We  have  no  absolute 
or  mathematical  standard  of  iclectro. sensibility  by  which  to  comi>are 
the  deviations  that  appear  in  disease.  We  can  only  compare  the 
wnsitivcncss  of  parts  with  the  average  sensitiveness  of  the  same  parts 
in  health.  When  half  the  body  is  diseased,  as  in  hemiplegia.  It  may 
readily  be  compared  with  the  eiectro-sensibility  of  the  healthy  side. 
Id  all  these  examinations  into  sensibiUty  we  are  dej>endent  on  ib« 
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sialcmcnts  of  the  patient,  and  the  results  will  be  infiueiiccd  by  his  ia 
telligence  and  honesty. 

It  need  hardly  be  said  that  the  diagnosis  obtained  by  observing  this 
increased  or  diminished  sensitiveness,  of  any  part  or  organ,  must,  of  ne- 
cessity, be  a  very  general  one.  It  simply  infonns  us  of,  and  directs  our 
aUctition  to,  the  fact  tliat  such  a  part  or  organ  is  in  some  way  diseased. 
The  special  nature  of  this  disease  uiusl  be  determined  by  the  ordinary 
means  of  ditTerential  diagnosis  at  our  command. 

This  sensitiveness  to  the  electric  current  is  particularly  marked  over 
the  prominent  nerve-tracts,  and  in  those  regions  endowed  with  great 
tactile  sensibility.  If  even  a  mild  current  be  ajiplied  at  tli0:ic  points  on 
the  upper  or  lower  limbs  where  the  prominent  nerves,  are  superficial,  a 
feeling  of  tingling  or  nuniliness  is  fell  through  the  branches  of  llie 
affected  nerve  ;  and  if  the  current  is  very  much  increased  in  strength, 
a  decidedly  aruesthetic  effect  is  experienced.  In  paralysis  of  sensa- 
tion, or  an;csthesia,  this  feeling  of  tingling,  thrill,  and  numbness  is 
very  much  diminished  under  the  influence  of  the  electric  current,  or  is 
entirely  absent.  It  is  on  this  principle  that  elcclricily  becomes  a  most 
valuable  means  of  diagnosis  in  the  various  stages  of  anxstbesia.  A 
condition  of  aucesthesia  or  analgesia  (loss  of  sense  of  pain)  can  readily 
be  detected  by  the  brass  ball  employed  in  general  faiadiiation,  or  by 
the  meUliic  l>ru»h,  or  by  any  other  form  of  electrode.  To  detect 
analgesia  the  electrode  should  be  moistened  so  that  the  current  may 
penetrate  the  epidermis. 

General  faradization  is  found  to  be  of  practical  utility  in  aiding  us  to 
determine  the  locality  of  certain  discascii,  if  ni)C  their  precise  n.-iture. 
In  dyspepsia,  electrization  often  reveals  great  sensitiveness  in  the 
epigastric  region,  and  on  the  left  side  over  the  spleen.  In  severe 
dyspepsia,  accompanied  by  emaciation,  a  current  is  sometimes  pain- 
fully transmitted  from  the  middle  of  the  back  to  l3ie  neighborhood  of 
the  epigastrium.  A  peculiar  sinking  sensation  is  sometimes  felt  at  the 
pit  of  the  stomach  when  a  strong  current  is  applied  over  the  seventh 
cervical  vertebra,  or  over  the  bracliial  plexus.  All  these  symptoms, 
taken  together,  undoubtedly  suggest  an  aggravated  case  of  dyspepsia, 
and  usually  of  the  nervous  variety.  Congested  or  irritable  states  of  the 
liver  are  revealed  by  an  abnormal  and  pec:uliar  sensitiveness  when  the 
current  is  applied  over  the  right  hypochondriac  region.  Care  must  At 
taMent  however,  not  to  amfound the  normal  sensitiveness  of  the  suptrjieial 
ntr\'es  over  t/u  ribs,  with  an  abnormal  condition  of  the  liver.  There 
are  certain  diseases  of  this  organ  in  which  it  ts  less  sensitive  than  usual 
to  electrization,  *ri  sometimes  it  appears  to  be  decidedly  ana^thctic 
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A  lady  patient  of  ours  who  had  suffered  for  years  from  hepatic  disor- 
der was  very  sensitive  to  the  current  excepting  ovlt  the  right  hypcchon- 
driac  region,  where  ths  could  bear  the  whole  power  of  the  apparatus 
without  amy  discomfort,  except  that  which  was  necesEanly  caused  by 
the  natural  tenderness  of  the  skin.  The  precise  condition  of  the  liver 
U.  that  time  we  were  not  able  to  ascertain.  The  evidence,  however, 
was  sufficient  to  conArm  our  previous  suspicions  in  regard  to  the  exis- 
tence of  some  affection  of  that  organ.  It  may  he  said  in  general, 
that  those  diseases  which  cause  the  tiver  to  be  sensitive  to  external 
pressiu^,  also  cause  it  to  be  sensitive  to  electrization.  The  same 
general  principle  will  apply  to  the  stomach,  the  spleen,  the  intestines, 
'  and  the  ovaries*  Our  experience  in  the  electrical  treatment  of  diseases 
of  the  lungs  has  not  been  large,  but  it  has  hccn  sufficient  lo  nuke  it 
quite  probable  that  ceitain  sensitive  conditions  of  tuberculous  deposit 
uiay  be  suggested  by  abnurnml  sensitivcnc&s  to  the  faradic  current  over 
•he  apex  of  the  chest. 

Electro-diagnosis  of  the  acnsory  nerves  requires  us  to  examine  the 
condition  not  only  of  the  various  portions  of  the  skin,  but  also  of  the 
nerve-branches,  and  the  plexuses. 

If  in  cutaneous  anajsthesia  we  6nd  normal  sensitiveness  on  the  nerve- 
branches,  we  judge  that  the  disease  is  confined  to  the  nerve  ratnifica- 
liotis  only. 

If  in  complete  anassthesia  of  an  extremity  the  nerve  plexus  exhibits  a 
noniial  reaction,  we  also  judge  that  the  disease  is  not  central  but  peri- 
pheral, including  (he  nerve-branches. 

far  t/u  purpose  of  testing  the  condition  0/  sensaiion  ikt  faradic  otT' 
rent  is  usually  to  he  preferred,  for  the  reason  that  its  mechanical  effects 
arc  greater  than  those  of  the  galvanic. 

The  elecuo-sensibility  may  be  normal  or  nearly  v>  when  ordinary 
sensibility  is  much  diminished.  In  some  cases  of  posterior  spinal  scle- 
losis,  for  example,  a  moderate  electric  current  may  be  fully  perceptible 
while  a  pin  may  be  thrust  into  the  flesh  without  causing  any  pain. 

The  Head. — In  health  the  head  is  very  sensitive  both  to  galvanira- 
tion  and  faradization,  in  all  parts  except  the  posterior.  This  electio- 
BensiliveoeM  of  the  frontal  and  parietal  regions  of  the  head  is  due  to 
the  superficial  nerves,  and  not  to  the  brain  itself.  In  pathological  cases 
this  sensitiveness  may  be  either  increased  or  diminished. 

Spine. — In  health  the  spine  is  but  little  sensitive  to  the  current.  In 
pathological  cases  it  may  exhibit  a  sensitiveness  to  the  electric  current 
that  is  not  revealed  by  pressure  or  by  any  other  method  of  irritation. 
This  conditici  is  found  in  neuralgia,  spinal  irritation,  hysteria,  etc.     It 
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is  interesting,  also,  to  know  that  cleclric  examination  sotnetimes  indS- 
cates  abnonnitics  in  the  sensitiveness  of  certain  parts  of  the  body  thai 
exhibit  tio  functional  derangement.* 

Sympaihtiic  and  Pneumogasiru. — The  ganglia  of  the  cervical  sj-mpa- 
thetic  and  the  poeumoga^mc  may  be  examined  electrically  by  tJie  inoeij 
border  of  the  stemo-cleidO'tnafttoid  muscle.  Sometimes  there  is  abnur-* 
ma]  sensitiveness  all  along  the  border  of  the  stcmo-clcido-inastoid 
muscle  in  the  track  of  the  imeuinogastric.  This  sensitiveness  is  found 
in  a  large  number  of  pathological  conditions,  locomotor  ataxia,  muscular 
atrophy,  various  cerebral  ajTeciions,  etc  We  have  observed  it  also  Jn 
spinal  irrilauon,  and  during  paroxysms  of  sick  headache.  This  abnor- 
nul  sensitiveness  may  be  frequently  demonstrated  by  mechanical  pres- 
sure. We  are  disposed  to  regard  this  sensitiveness  as  due  to  the  pneumo- 
gastric  more  than  to  the  syinpathclic. 

£iectrc-iHuscular  Sensibility. — Electro-muscular  sensibility  includes  a 
feeling  of  pain  and  a  feeling  of  contraction.  The  latter  may  exist  with- 
out ttie  fonuer. 

Success  in  investigating  electro-muscular  sensibility  depends  on  the 
condition  and  intelligence  of  the  patient. 

In  conditions  of  cutaneous  hypenesthesia  it  is  exceedingly  difficult, 
ei'en  for  the  most  intelligent  patient,  to  distinguish  between  the  senst* 
tiveuess  of  the  skin  and  that  of  the  muscle. 

In  paralysis  electro  muscular  sensibility  is  frequently  diminished, 
together  with  the  eleclro-mnscular  contractilily ;  they  often  rise  and 
fall  together.  In  hysteria,  electro-muscular  sensibility  to  pain  is  some- 
times greatly  increased.  For  remarks  on  the  physiological  nature  of 
electro-muscular  sensibility,  see  B^ectro-Physiology,  p.  148. 

Seeondly.  The  fact  that  Uu  eUetra-muscuhr  egniraeiiiity  and  irritO' 
bilily  are  mere  or  test  modified  by  disease. 

IrrHabiliiy  strictly  refers  to  the  quivering  which  muscles  exhibit 
under  mild  currents ;  (ontractility  to  the  power  of  actually  contracting 
under  whatever  strength  of  current  may  be  necessary.  The  two  terms 
are  very  frequently  used  interchangeably. 

That  muscular  contractions  can  be  produced  by  the  electric  currents, 
tias  been  known  since  the  period  of  the  earliest  investigations  in  tbe 
de|>artmcnt  of  electro-physiology. 

The  first  systematic  attempts  to  make  this  a  basis  for  establishing 

differential  diagnosis  were  m-idc  by  Dr.  Marshall  Hall,  and  suhscf^ucntly 

by  Dr.  Todd.     The  conclusions  of  these  distinguished  experimenters 

are  quite  fantiliar,  and  as  they  were  unsatisfactory  and  partly  enoncouB, 

"Benedlkt  op:  cit.,  p.  6a 
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it  is  not  necessary  to  present  them  in  detail.  More  recent  investiga- 
tions have  establislved  that  the  behavior  of  the  dcepseatcd  muRclcs>  in 
regard  to  theii  contractility,  is  a  much  more  coiiit>licACed  question  than 
was  fornierly  supposed.  The  contractile  power  of  a  muscle  is  nude  up 
of  two  factors,  viz.:  the  excitability  of  the  intra-muscular  nerve-fibres, 
and  the  function.\l  capacity  or  irritability  of  the  muscular  substance 
itself.  When,  therefore,  the  conlractile  power  of  a  muscle  differs  in . 
any  respect  from  the  normal,  this  variation  may  be  due  to  an  abnonuil 
condition  of  either  one  or  both  of  these  factors.  Still  further,  it  is 
stilted  that  when  the  excitability  of  the  intramuscular  ncrve-fibrcs  and 
the  irrilabiliiy  of  the  muscular  substance  are  increased,  yet  if  the 
former  has  suffered  more  than  the  latter,  the  contractile  power  may  be 
diminished,  and  fiV^  versA. 

In  comparing  heallhy  with  diseased  sides  in  paralysis,  it  is  necessary 
fa  use  nvl  only  the  same  Urengih  &/  eNrrertt,  kui  aiso  the  same  relative 
foiititm  and  pressure  of  the  electrodes. 

The  general  principles  that  have  thus  far  been  established,  in  regard^ 
to  the  relauoD  of  electro-muscular  contractility  to  disease,  are  as  fob 
lows: — 

ist.  In  paralysis  of  motion,  the  electro -muscular  contractility  is 
sometimes  norma],  occasionally  increased,  and  very  frequently  dimin- 
ished. 

Increase  of  electro-muscular  contractility,  or  at  least  of  Irritability,  may 
be  observed  in  diseases  of  the  brain,  attended  with  irritative  lesions,  in 
certain  spasmodic  and  hysterical  affections,  and  occasionally  in  loco- 
motor ataxlx  Diminntion  of  electro-muscular  contractility  is  usually 
observed  in  grave  lesions  of  the  anterior  columns  of  the  spinal  cord, 
and  motor  tract  of  the  brain,  in  rheumatic  jiaralysis,  lead -paliiy,  in  welU 
marked  progressive  muscular  atrophy,  and  in  paralysis  from  injury  of  a 
nerve  in  some  iiart  of  its  course. 

2d.  In  certain  central  diseases,  the  elect ro*muscular  contractility  is 
it  first  normal  or  diminished,  and  afterwards  increases  with  the  progress 
of  the  disease,  until  it  becomes  greater  than  normal. 

The  length  of  lime  that  is  necessary  to  illustrate  tncse  variations  de- 
pends on  the  nature  of  the  disease.  In  chronic  inflammations  of  the 
Bpinal  cord,  in  effusions  in  the  brain,  causing  hemiplegia,  these  varta- 
tioDS  may  run  through  many  weeks  and  months.  In  cases  of  hemiple- 
gia also,  these  different  conditions  of  the  electro-muscular  contractility 
may  run  in  a  circle ;  being  sometimes  normal,  sometimes  increased, 
and  sometimes  diminished  (Bcnedikt).  All  these  changes  correspond, 
of  coiuae,  to  certain  changes  in  the,  pathological  condition  of  the 
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diseased  brain.     Just  what  this  cuirespondence  is  in  each  case,  cannot, 
in  the  present  state  of  eLectro-pathoiogical  science,  be  well  determined. 

3tl.  The  fact  that  certain  forms  of  paralysis  behave  very  differently 
under  the  faradic  and  the  galvanic  current.  Muscles  over  which  a 
faradic  current  can  have  no  inllucnce,  may  contract  easily  under  a 
milder  galvanic  current  than  is  necessary  to  produce  contractions  of  the 
same  muscles  in  health.  Souietiiues,  as  the  paralyzed  muscles  recover, 
they  regain  their  power  of  contracting  under  the  faradic  current,  at  ihe 
same  time  proportionately  losing  their  contractility  under  the  galvanic 
current.  This  law  is  most  readily  demonstrated  in  peripheral  facial 
paralj-sis. 

This  fact,  that  in  certain  peripheral  paralyses  gak'anomuseufar  eon- 
tractUity  may  remain  after  Jar mto- mute ular  (ontraetUtty  is  wholly  lost, 
was  first  pointed  out  by  Baierlacher  in  1859.  His  observations  have 
since  been  continned  by  Schulz,  Meyer,*  Althaus,  Hammond,  Radcliffe, 
Ziemssen.f  Legros  and  Onimus,!  ourselve3,§  and  other  observers.  (See 
section  on  peripheral  paralysis. ) 

Some  of  the  more  specific  principles  on  whidi  electricity  is  used  as 
a  means  of  diagnosis  in  medicine  may  be  thus  slated.  Although  con- 
tractions occur  on!/  on  closing  or  opening  the  current,  yet  we  distin- 
guish four  kinds  designated  by  Ihe  following  abbreviations :  ist,  C.  C- 
C. ;  ad,  A.  O.  C. ;  3d.  A.  C.  C- ;  4th,  C.  O.  C. 

The  first  is  Ihe  eatkodal  doiure  eontrardon,  and  occurs  when  the 
cathode,  or  negative  pole,  is  applied  to  the  nerve  or  muscle,  and  the 
current  closed. 

The  second,  anodal  opening  conlraelton,  occurs  when  the  anode  or 
positive  pole  is  applied  to  the  nerve  or  muscle  and  the  circuit  opened. 

The  tliird,  anodal  eiosure  eontrattion,  occurs  wlien  the  anode  is  ap- 
plied and  the  current  closed. 

The  fourlh,  cathodal  opening  contraction,  occurs  wheu  tlie  cathode 
is  applied  and  the  current  opened. 

The  readiness  with  which  these  various  contractions  arc  induced 
relatively  to  each  other,  depends  altogether  upon  the  strength  of  the 
airrcnt  and  the  condition  of  tlie  nerves,  whether  diseased  or  healthy. 
If  on  the  healthy  nerve  or  muscle  the  negative  pole  is  pressed,  and  a 
current  of  sufficient  strength  employed,  it  will  be  found  that  on  closing 
the  circuit  a  contraction  takes  place.  In  order,  however,  to  induce  a 
contraction  of  the  same  vigor  on  opening  the  circuit,  it  is  necessary 
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that  the  strength  of  the  current  be  increascA  Each  one  can  readily 
confirm  this  statement  for  himself,  and  by  experimenting  thoroughly  it 
will  be  found  that  contraction  in  the  healihy  muscle  occurs  in  the  order 
just  given. 

In  diseased  conditions,  however,  tliis  formula  is  subject  to  great  vOr 
nations.  The  readiness  with  which  a  muscle  contracts  to  electrical 
inHuences  may  be  increased.  This  occurs  in  certain  cases  of  hemi' 
plegia  associated  with  an  irritative  lesion ;  and  in  the  early  stages  of 
{aciol  paralysis  due  to  the  action  of  cold  associated  with  a  rhcu matte 
diathesis.  In  these  cases  the  inira-musculir  tierves  ore  atucked  &om 
the  beginning,  while  there  is  but  little  if  any  alteration  of  the  miiscuUir 
fibres.  The  faradic  current  causes  contractions  through  the  intra-muscu- 
lar  nerres  ;  therefore,  in  cases  such  as  the  above,  its  power  to  jn-oduce 
muscular  contractility  is  lost.  The  galvanic  current,  acting  more  espe- 
cially on  the  muscular  fibres*  retains  its  [tower,  and,  as  experience  shows, 
a  milder  current  will  cause  contractions  tlian  is  found  necessary  for  the 
healthy  muscle.  As  the  patient  improves,  it  takes  an  increased  tensbn 
of  galvanism  to  cause  the  same  effects,  until,  fin.illy,  faTado-uitMcular 
contractility  becomes  manifest.  Agairt,  the  readiness  of  contraction 
may  be  decreased  and  finally  abolished,  as  in  the  late  stages  of  bulbar 
paralysis ;  occasionally  in  paralysis  following  acute  diseases,  in  myeli* 
lis,  and  in  progrc&^tve  muscular  airuphy. 

The  above  are  termed  quaniitaiivt  reaethns,  consisting,  as  has  been 
stated,  in  a  simple  increase  oT  diminution  in  the  quickness  of  re- 
sponse to  a  current  of  given  strength.  Qualitative,  which  includes  as 
well  quantitative  changes — in  other  words  leaned  the  reaction  of  degen- 
o-<j//(Wi— consist  in  an  alteration  in  the  order  of  occurrence  of  the 
contractions.  These  changes  ore  observed  in  any  form  of  traumatic 
paralysis  where  the  continuity  of  the  nerve  has  been  completely  inter* 
mplcd,  in  rheumatic  paralysis  associated  with  compression  at  some 
point  of  the  nerve,  in  lead  palsy,  many  forms  of  infantile  paralysis,  in 
spinal  paralysis  where  the  gray  matter  is  much  involved,  in  progressive 
rouscular  atrophy,  in  some  cases  of  neuritis,  bulbar  paralysis,  in  cases 
of  pressure  on  the  nerve  by  tumors  or  cicatrices,  ctc^  and  in  some 
paralyses  the  result  of  acute  diseases. 

The  nonnal  formula  becomes,  in  the  above  cases  of  paralysis,  sub- 
ject to  the  following  changes :  The  negative  pole  at  its  closure  (C.  C 
C.)  becomes  as  weak  or  even  weaker  than  the  positive  (A.  C.  C).  and 
the  positive  pole  at  its  opening  (A.  O.  C. )  becomes  weaker  than  the  neg- 
ative at  its  opening  (C  O.  C),  At  the  same  time  the  contractions  be* 
come  weaker  and  less  rapid  than  in  health.    When  the  circuit  is  closed 
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ihe  coniractinns  arc  also  liable  to  become  teiinic,  while  rapid  interra|> 
tions  of  the  galvanic  current  ullcrl)'  fail  to  call  fonh  any  response. 

Vfiitional  Coniroftility  may  exist  taiun  Eledro-contraiiiiity  is  di- 
minished.— The  volitional  jwwcr  ma)'  icinaiii  when  the  electric  contntcti- 
lit>*  is  diminished  If  a  muscle  exhibits  diminution  of  contractility  under 
clectriciniration,  but  reacts  nonnally  to  the  w///,  the  conclusion  is  thai 
the  muscle  is  not  injured,  but  that  the  abnonuity  is  caused  by  change  in 
the  irritability  of  the  intra- muscular  fibres.  This  is  observed  in  certain 
stages  of  traumatic  and  lead  paralysis.  We  arrive  at  the  same  conclu- 
sion in  those  ca&es  where  the  muscles  refuse  to  contract  under  direct, 
but  respond  normally  to  indirect,  electrization. 

Muscles  of  Ihe  eye  are  .in  exception  to  this  mle,  since,  from  their 
anatomical  position,  they  cannot  be  made  to  contract  by  direct,  but 
only  by  indirect,  reflex  action  from  ihc  fifth  pair. 

Cases  where  reaction  is  lost  botli  to  the  will  and  electricity  indicate 
actual  injury  of  the  muscle. 

Furthermore,  it  should  be  con^dered  that  tlie  electro-muscular  coa> 
tractility  and  sensibility  of  dise-tscd  imiwJcs  may  be  and  arc  greatly 
modified  by  the  treatment,  both  pcmiancntly  or  temporarily.  Modifi- 
cation may  take  place  even  during  the  stance. 

T7iirdty.  That  the  special  fhysiologieal  reactions  of  the  central 
and  peripheral  nervous  systems  to  {he  galvanic  current  are  essentially 
changed  tehen  the  nerve  is  in  a  pnfAotogieal  eanili/ion. 

This  is  true  of  the  spinal  cord,  the  nwtor  and  sensory  nerves  spinal 
cord  and  nerves  of  special  sense,  and  of  the  s>Tiipatheiic.  According 
to  Itcncdikt,  if  the  negative  pole  is  placed,  for  example,  on  the  pero- 
neal nerve,  and  the  positive  on  the  palcUa,  with  an  interrupted  current, 
a  weaker  irritation  appears  than  when  the  positive  pole  is  placed  on 
the  cervical  or  lumbar  verlebre.  The  more  the  central  parts  are  in- 
cluded in  the  circuit  the  greater  the  irritation.  In  pathological  con- 
ditions this  reaction  is  changed. 

Opening  e/mtraetions  are  regarded  by  Henedikt  as  characteristic 
evidences  of  certain  forma  of  locomotor  ataxy.  They  are  observed 
also  in  neuritis  and  in  chorea  minor.  They  indicate  a  molecular  dis- 
turbance. They  accompany  both  increased  and  diminished  irritability, 
usually  the  latter.* 

Nerves  of  Special  Sense. — The  changes  of  the  reaction  of  the  nerves  of 
spedal  sense  to  electric  irritation  may  be  boih^uantitaiit'e  and  gualilative. 

*  These  views  of  Bonedilct,  conceratng  the  tignilicance  of  "  openb^  contraclitMU," 
hare  been  K%-erc1/  :rittcbeil  by  Breoncr  ("  UDtersuchunsea,"  &C.,  Bd.  IL,  1869,  p» 
SIS.  et  ftcq.). 
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Auditory  Ntrve. — It  has  been  shown  that  the  reaction  of  the  auditory 
nerve  to  galvanic  irritation — the  strong  subjective  sensations  of  sound 
— is  materially  changed  by  disease;  and  hy  this  wc  judge  of  the 
condition  of  the  nerve.     (See  Diseases  of  die  Ear.) 

Optic  Nerve. — The  reaction  of  the  optic  nerve  under  the  influ- 
ence of  the  galvanic  current,  is  attended  wiih  Haiihcs  of  light.  The 
qualitative  changes  in  reactions  of  the  optic  ncr\*e  to  electrical  irrita- 
tion arc  numerous.  In  certain  pathological  cases,  as  wc  have  observed, 
flashes  of  light  may  be  produced  by  the  faradic  current.  In  other 
pathological  cases,  as  severe  atrophy  of  the  retina,  the  flashes  of  light 
do  not  appear  during  galvanization,  or  only  when  a  very  strong  current 
b  UMd.  We  have  observed  very  marked  differences  in  the  reaction  of 
the  optic  nerve  in  the  tti'o  eyes  when  nnc  was  diseased  and  the  other 
healthy.  Flashes  of  light  from  galvanization  of  the  lower  part  of  the 
spine  arc  indicative  of  abnonnal  irriubility  or  organic  disease  of  the 
spinal  cord.  They  are  observed  in  locomotor  ataxia  and  spinal 
iiritation. 

Olfactory  and  Gustatory  Nerves. — The  peculiar  smell  that  is  ex- 
pcricnccd  on  galvaniiation  of  the  oJfactory  nerve  may  be  citlier  in. 
creased  or  diminished  by  disease.    It  is  absent  in  paralysis  of  the  olfar 
lor)'  nerve. 

The  peculiar  metallic  taste  that  follows  galvanization  of  the  tongue, 
or  that  in  experiecKcd  by  reHcx  action  wlien  the  galvanic  current  is  ap* 
plied  on  the  neck  and  upper  part  of  the  spine,  is  subject  to  various 
modifications  by  disease.  Id  irritable  conditions  of  the  cord  wc  have 
observed  that  ihts  metallic  taste  will  appear  when  the  application  is 
made  in  the  lower  part  of  the  spine.  In  two  striking  instances  it  was 
experienced  from  faradization  of  the  cilio-spinal  region. 

Fourth.  The  fact  that  in  certain  central  diseases,  and  in  eenditicnt 
vf  great  irritability^  as  hysteria  ^  the  reflex  effect  of  the  current  is  so 
exalted  as  to  excite  reactions  thai  in  a  normal  condition  of  the  body  never 
appear.  Thus,  in  a  lady  of  middle  life,  who  for  several  years  had  suf. 
fercd  from  all  the  symptoms  of  declared  chronic  myelitis,  we  were  first 
struck  by  the  fact  that  even  a  very  mild  current  over  the  upper  portion 
af  the  back  was  sensitively  felt  down  the  right  leg.  This  symiJlora  we 
have  never  known  to  occur  in  a  perfectly  healthy  condition  of  llie 
spinal  cord.  Afterwards  wc  found  that  a  very  short  as  well  as  very 
mild  .application  of  the  current  to  one  leg  caused  a  disagreeable  feeling 
of  pain  and  heaviness  not  only  in  this  leg,  hut  also  in  the  other,  for 
several  days  following  the  application.  In  another  case  of  general 
'iji.'alysis  dependent  on  hysteria,  a  wcxy  feeble  current  localized  in  OQC 
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hand,  or  in  one  foot,  would  be  appreciably,  and  oftentimes  painfully, 
felt  through  all  the  four  extremities,  llie  patient  declared  that  the 
sensation  was  like  that  of  "waves  rolling  through  the  body." 

A  still  more  marked  illustration  cf  lUis  diagnostic  power  of  elcctrizji- 
lion  was  the  following  : 

In  the  case  of  a  lady  whose  lower  limbs  had  been  somewhat  para- 
lyzed for  two  years,  who  presented  no  marked  symptoms  of  severe 
organic  disease  of  the  cord,  we  were  irkcUned  to  suspect  chat  her  para- 
plegia might  be  due  to  nervous  exhaustion,  until  this  abnormal  reflex 
sensitiveness  to  tlie  electric  current  seeiued  to  establish  the  existence 
of  myelitis,  or  at  least  lueuingitis.  We  first  observed  that  a  feeble  cur- 
rent in  tlic  neck  was  felt  down  the  spine,  and  subicquently  the  patient 
complained  that  a  strong  current  down  the  lower  extrcniitics  trans- 
mitted paJn  to  the  back.  The  occurrence  of  this  abnonnal  sjinptom 
forced  us  to  the  unwilling  conclusion  tliat  we  were  dealing  with  a  case 
of  organic  disease  of  the  spioe.  The  subsequent  history  of  the  case 
has  confirmed  this  diagnosis.  It  has  been  shown  by  Ilcncdikt,*  that, 
in  certain  morbid  conditions,  cicctriiation  of  one  extremity  produces 
contractions  in  the  other.  This  phenomenon  has  been  observed  in 
progressive  muscular  atrophy,  and  in  certain  rcllex  neuroses,  fn  a  case 
of  iheumatic  gout  that  we  treated  the  application  of  the  galvanic  cur- 
rent to  the  left  knee  caused  a  sharp  pain  in  the  corrcspouding  part  of 
the  right  knee. 

This  fact  enables  us  not  only  to  make  a  diagnosis  of  central  disease, 
but  in  certain  cases  even  to  suspect  rhe  seal  of  the  affection. 

We  are  confident  that  in  all  cases  cf  crossed  reflex  contractions 
— ^just  as  in  the  cases  of  crossed  reflex  sensation  above  cited — th^^re  is 
always  some  central  disease.  This  syniptom  when  it  occurs  may  per- 
haps then  be  regarded  as  so  far  forth  diagnostic. 

Crossed  reflex  sensations  and  crossed  reflex  contractions  may  be 
manifested  sinuiltaneously  in  a  patient  affected  with  organic  Hiscase  of 
the  spinal  cord.  This  singular  coincidence  was  ob5er\'cd  in  the  case 
above  recorded  of  (he  lady  who  complained  of  waves  of  sensation  all 
over  the  body  when  the  current  was  applied  to  any  one  of  the  four  ex- 
tremities. These  peculiar  sensations  were  sometimes  accompanied  by 
feeble  and  spasmodic  muscular  contractions. 

General  shaking  and  tremor  of  a  limb,  or  of  the  whole  body,  after 
electrization,  is  also  diagnostic  of  central  disease.  Wc  have  obscrt'ed  it 
in  one  case  of  softening  of  the  brain,  and  in  a  number  of  cases  of  hemi- 
plegia. This  general  or  partial  tremor  does  not  appear  unless  a  coo* 
•  Die  Elcktrotherapie,  pL  63. 
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liderablc  strength  of  ciurvnt  has  been  employed,  or  the  applicatioii  has 
been  much  prolonged. 

Diplcgie  Contractions. — Renialc.*  of  Berlin,  was  rhc  first  to  note  tht 
fact,  that  contractions  of  the  muscles  of  one  orboth  of  the  upper  extretni 
lies  may  Bomctimes  be  produced  by  placing  the  positive  pole  in  tlir 
auriculo-iii axillary'  fossa,  just  posterior  to  the  ascending  ramus  of  the  lowei 
jaw,  and  tlic  negative  by  the  iiidc  of  the  sixth  cervical  vertebra,  Thi 
theor>'of  Remik,  th&t  these  contractions,  to  which  he  gave  the  name  of 
^'diplegu^'  were  caused  by  irritation  of  the  superior  ganglia  of  the  sym 
pathetic,  was  apjiarently  confirmed  by  Fieber,f  by  cx])crimctits  on  ani 
uials  in  whom  the  sympathetic  was  exposed,  and  subjected  to  the  action 
of  the  current. 

Strong  currenu — from  twenty  to  forty  elements — are  usually,  though 
not  always,  necessary  to  produce  these  contractions.  The  contractioDS 
may  be  of  various  degrees,  from  mild  drawing,  with  scarcely  pcrcepliblc 
oscillations,  to  violent  movements  resembling  chorea.  Theymay  appeal 
in  the  inierossei  or  in  the  muscles  of  the  arm  or  forearm  of  one  or  both 
sides.  They  may  abo  appear  in  other  positions  of  the  electrode  than 
the  one  described.  From  one  to  five  minutes  are  usually  necessary  to 
excite  them,  and  they  may  continue  for  a  few  nionieols  after  the  appli- 
cation has  ceased. 

That  these  so-ciUed  diplegia  contractions  are  a  reality  and  not  a  de. 
lusion,  as  some  have  declared,  we  have  demonstrated  in  a  number  of 
cases,  and  especially  in  progressive  muscular  atrophy.  The  cases  where 
they  are  readily  dcnionstraled,  are,  according  to  our  observation,  not 
fiequent,  and  we  can  easily  see  that  one  might  practise  electro-therapcu- 
ticsforalong  time  without  seeing  any,  especially  as  currents  of  con* 
«idcrable  strength,  a|>plied  in  a  certain  manner,  are  necessary  to  pro* 
duce  them. 

The  evidence  that  these  contractions  occur  exclusively  throngh  the 
sympathtriic  is  not  to  our  view  saiisfaclory,  and  there  is  stronger  proba- 
bility thai  the  spinal  cord  is  the  centre,  which  in  certain  irritable  con- 
ditions exhibits  these  manifestations  under  strong  elcctncal  stimula^ 
lion.  In  none  of  the  methods  of  application  where  these  diplegic  con- 
tractions are  called  forth  is  it  possible  to  localize  the  current  to  the 
sjTnpathctic.  The  special  diagnostic  value  of  these  contractions  is  nut 
great.  They  occur  not  only  in  progressive  muscular  atrophy,  but  in 
hysteria  and  hystcroid  affections,  and  would  ap|>car  to  be  paihogno- 

*  Application  du  ccBDuit  coDitut  an  tntUcmcnt  dcs  neuroses.     Paris,  1S65. 
f  I>i«  diplegischon  Contractioocn  nacli   Versuchea  ao  McDschea  und  Thlerok 
balln,  1866,  pp.  31,  33,  3> 
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nionic  of  DO  one  special  disease,  but  rather  of  a  condition  of  iiritabilit) 
of  the  nerve-centres  ihat  may  apjJcar  in  many  different  diseases. 

Feigned  Diseases. — liy  the  application  of  the  principles  stated  above 
the  electric  currents  may  he  of  great  service  in  helping  us  to  disiinguish 
leal  from  feigned  disease.  A  esse  of  prelcndciL  paralysis  of  juoiipn  ot 
seosauon  can  leadily  be  settled  by  applying  the  current  to  the  limb, 
since  no  force  of  will  can  fully  resist  the  energy  of  die  contractions  thai 
clectricily  may  excite  in  healthy  niusclcs,  or  the  pain  that  can  be  pro- 
duced by  strong  faradization  of  the  skin.  The  principle  will  work  both 
ways,  and,  if  the  electro -muscular  contractility  is  diitiinishcd  hclow  the 
normal  standard,  we  may  know  that  the  disease  is  real  Where  one 
side  or  one  Umb  only  i»  aUcctcd,  the  comparison  between  the  healtliy 
portions  and  those  where  disease  is  suspected  can  easily  be  made.  Dr. 
Russell  Reynolds  •  mentions  a  patient  with  hemiplegia  who  was  sup- 
posed to  be  malingering.  Electrization  of  the  limbs  on  both  sides 
showed  clearly  a  diminution  of  contractility  on  one  side,  as  the  patient 
reprcsente<l,  and  accordingly  the  case  was  pronounced  to  be  one  of  real 
hemiplegia 

Dr.  Ahhaus  |  records  a  case  of  suspected  malingering  that  he  studied 
by  the  aid  of  electricity.  A  member  of  a  work lugni en's  benefit  soci- 
ety professed  that  he  had  tost  the  use  of  his  arm  in  consequence  of  an 
accident — a  fall — three  years  bicforc.  The  fjncsiion  was  whether  the 
society  should  give  him  the  ^loo  to  which  periiuneinly  incapacitated 
members  are  entitled.  The  patient,  though  tall  and  strong,  had  done  no 
work  since  the  accident,  and  professed  to  be  unable  to  undress  himself. 

On  examination  with  the  faradic  current.  Dr.  Althaus  found  that  all 
the  muscles  of  the  arm  responded  without  difficulty  ;  he  therefore  con- 
eluded  that  the  ner\'es  and  muscles  were  uninjured — in  other  words, 
that  there  was  no  paralysis.  He  found,  however,  that  when  a  very 
strong  current  was  used  the  patient  appeared  to  suffer,  but  the  aim  did 
not  execute  the  movements  it  should  do  when  the  muscles  contract. 
Accordingly,  he  had  the  patient  anaesthetized  by  nitrous  oxide  gas,  In 
order  lo  sec  whether  any  anchylosis  existed  that  might  interfere  with 
the  movements  of  the  arm.  It  was  found  that  no  anchylosis  existed. 
Dr.  Althaus  gave  a  certificate  that  the  patient  had  no  paralysis  and 
no  andiylosis  or  dislocation,  but  that  there  was  a  painful  affection  of 
the  joint  which  would  yield  to  subcutaneous  injections  of  morphia  and 
galvanism,  and  that  the  patient  could  use  the  arm  if  he  wished  to. 
The  claim  for  benefit  money  was  disallowed. 

.Faradisation  as  a  means  of  distinguishing  real  from  apparent  death-" 

*  Lancet,  K^'A  i6,  1S70.  f  Third  Edilioa,  p.  455. 
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Eiectro-Bioscgpy, — ^Thc  use  of  electricity  as  a  means  of  d.stingiiishing 
real  from  appuenc  death  was  sugjjcstcd  as  long  ago  as  1792,  by  Drs. 
Bchrend  and  Crcvc.  Subsequently  liger,  of  Vienna,  used  frankliiiic 
electricity  on  ncwly-bom  inrants,  and  found  that  when  muscular  con- 
iractions  still  existed,  then  the  child  was  not  dead,  but  could  be  re- 
stored. 

In  1852,  Dr.  Criniotcl,  of  Paris,  wrote  a  memoir  in  which  he  stated 
that  when  Jarado-toniraii'dHy  is  gone,  liftf  is  extinct.  He  stated  fur- 
thenuoic  that  fiiradu-contraciility  gradually  disappears  after  death,  and 
that  after  a  period  ranging  between  half  an  hour  and  two  hours  it  en- 
tirely disappears.  He  suggested  the  term  ttectro-bioscopy,  and  recom- 
tuendcd  that  those  who  are  apparently  dead  from  drowning,  syncope, 
apoplexy,  freezing,  hysteria,  and  ihc  inhalation  of  ]>oiiionouft  gases, 
should,  before  burial,  be  tcsled.  n 

Roscutlial,  of  Vienna,  has  also  studied  the  subject  with  much  core. 
He  has  fyund  thai  b<jtli  farado-  and  galvano-conwactiliiy  gradually  disap 
pear  after  death.  He  agrees  in  the  main  with  Criinolcl  in  the  follow- 
ing general  conclusions : 

Eteetrocontraetility  disappears  more  rapidly  after  death  from  ehronic 
than  acute  diteaset ;.  it  persists  longir  in  well  than  in  badly  nourished 
kfdies,  and  ii  usually  disappears  wUhin  three  hffuri. 

Rosenthal  found  that  in  amputated  limbs  the  Tarado-  and  galvano-con- 
traclility  were  active  the  first  hour,  and  entirely  disappeared  in  ninety 
minutes.  In  case  of  drowning  electro-contractility  disappeared  in  three 
hours  and  a  quarter.  In  some  cues  where  rigor  mortis  his  not  ap- 
peared, where  the  temperature  of  the  body  is  yet  quite  high,  and  where 
the  joints  arc  flexible,  the  absence  of  electro  contractility  yet  proves 
beyond  question  that  the  person  Is  dead. 

Rosenthal  further  records  a  very  remarkable  case  of  trance  in  a  hys- 
terical woman,  where  it  was  declared  and  believed  by  the  physician 
that  the  patient  was  dead.  The  skin  nras  pale  and  cold  \  the  pu- 
pils contracted,  and  not  sensitive  to  light;  no  pulse  could  be  felt; 
the  extremities  were  relaxed;  melted  sealing-wax  dropped  on  the 
skin  caused  no  reflex  movements,  and  do  moisture  appeared  on  a 
mirror  held  before  the  mouth.  Respiratory  murnmrs  could  not  be  heard, 
but  a  feeble  intermittent  sound  in  the  cardiac  region  was  just  percepti* 
ble  on  auscultation.  For  thirty-two  hours  the  patient  had  been  appar- 
ently dead;  but  on  electric  examination  Rosetithal  ici\sx\^  farado-am- 
tratiUity  \\\  the  muscles  both  of  the  face  and  the  extremities.  He 
therefore  urged  the  use  of  the  faradic  current  to  restore  tlie  patient 
In    twelve  hours  the  patient  recovered  her  speech  and  movements 
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Two  yean  afterwards  she  was  alive  and  well,  and  infoaaed  RosenAtd 
that  she  knew  nothing  abont  the  caoHDencement  of  the  attack  of  the 
tntice,  and  Aat  afterwards  she  heard  people  talk  about  her  death,  but 
die  was  powerless  to  help  herselC 
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Eltctrc-therapeuiicai  anatomy  includes  a  description  of  tAe  localities  at 
Vfhieh  the  difftrent  nerves,  muscles^  and  ffrgant  can  be  best  affected  by 
the  electric  furreals,  and  also  the  relaiive  tUctro^eHsibiliiy  of  the  dif- 
ferent parts  ef  the  body.  It  is  therefore  to  elect ro-thcra[jcutic3  what 
surgical  anatomy  is  to  surgery. 

Metffr  Points  of  Musdes. — The  subject  of  the  motor  {mints  was  first 
systcmaticaJly  studied  by  Zieinssen,  who  experimented  on  the  recently 
dead  subject,  and  marked  with  nitrate  of  silver  the  points  at  which  the 
individual  nerves  ami  tiiuscles  most  readily  responded  to  faradization. 
Many  of  these  points  can  be  easily  and  succe*afully  studied  on  the  living 
human  subject.  Those  which  we  have  represented  in  the  cuts  are  derived 
mostly  fiojii  numerous  observations  on  persons  in  health.  They  have 
bcea  found  to  agree  id  the  main  with  those  of  ZieniKSen,  with  wluch 
they  have  been  compared,  and  by  which  they  have  been  made  more 
accurate  and  complete.  Tho»c:  who  wish  to  ex-tmine  the  subject  io 
greater  detail  arc  referred  to  the  work  of  Zicmsscn.* 

It  will  be  found,  however,  that  those  which  arc  here  described  arc 
»uf5cienc  for  most  of  the  purposes  of  electro-therapeutics. 

The  best  method  of  verifying  these  points  is  to  place  one  large 
sponge  electrode,  well  moistened,  on  some  inditferent  point,  and  to 
firmly  press  a  small  negative  \  electrode,  also  well  moistened,  over  the 
spot  where  the  nerve  or  muscle  should  be  affected.  If  the  right  place 
is  touched,  and  tlie  strength  of  tlie  current  aud  the  pressure  be  suili- 
cient,  the  normal  physiological  action  of  the  part  affected  will  at  once 
appear,  (n  the  case  of  imiscles  contraction  will  take  place,  accom- 
panied with  a  feeling  of  contraction  ;  in  the  case  of  nerve-branches  and 
plexuses,  there  will  be  sensation  more  or  less  painful  along  the  pcriphe> 
ral  ramifications  of  the  nerves,  and,  if  the  excitation  be  sufficiently 
strong,  contraction  of  tjne  muscles  whtdi  they  supply. 

*  Die  £l«tt1dlU  in  der  MecUcin.     Berlin,  1866.     p.  \\\,t\  Ecq. 
t  The  neguivfi  b  10  be  prercrrcct,  t>ecmiBC  it  is  the  Uroiij;er,  uul  acl>  more  pom* 
fully  in  prodyoog  contTKllooi, 
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It  is  not  to  he  understood  that  a  studious  regard  for  all  of  tlicse  dec 
trie  points  is  always  necessar}*  in  making  .ip|ili cations  of  electricity.  Id 
the  normal  condition  most  of  the  superficial  and  many  of  the  deejNrr 
iHuscles  and  nerves  are  easily  excited  by  ordinary  labile  applications 
with  large  sponge  electrodes.  Soine  of  the  muscles  have  two  or  more 
motor  points,  and  are  therefore  uiore  readily  affected  by  large  than  by 
small  electrodes. 

A  large  sponge  electrode  of  from  3  to  6  or  8  inches  in  diameter,  folded 
over  a  brass  ball,  such  as  is  used  in  general  farKdiiation,— cs.u3es  full 
contraction  ofa  majority  of  the  superficial  and  deep  muscles  when  rapidly 
passed  up  and  down  the  tinvbs. 

But  when  the  muscles  have  become  diseased,  so  that  they  respond 
with  difficulty  to  the  electric  current,  It  becomes  necessary  to  give  spe- 
cial heed  to  the  situation  of  these  motor  points,  in  order  to  determine 
their  actual  electric  condition,  or  to  aid  in  restoring  them  to  their  nor- 
mal condition  by  exciting  artificial  contraction. 

It  should  be  remarked  furtliermore,  (hat  these  motor  points  vary  in 
different  individuals,  jii!§t  as  the  anatomical  relation  of  the  nerves  and 
muscles  varies,  and  that  the  representations  of  the  cuts  can  be  only 
approximately  correct. 

The  points  at  which  the  nerves  and  muscles  of  (he  eye,  car,  and 
larynx  can  be  best  electrized,  also  the  best  method  of  elecirtznig  the 
cesophagus,  rectum,  genital  and  abdomiaa.1  organs,  will  be  described  in 
tlie  chapters  devoted  to  the  diseases  of  those  pans. 

We  present  below  a  brief  description  of  the  points  at  which  the  prin- 
cipal nerves,  plexuses,  and  branches  can  be  best  excited  clccirically, 
and  also  the  physiological  effect  on  the  nerves  and  muscles  produced 
by  such  excitation. 

Facial — at  its  exit  from  the  stylo- mastoid  foramen,  between  the  mas- 
toid process  and  the  angle  of  the  lower  jaw,  or  at  the  opening  of  the 
external  auditory  canal. 

Ptteumogastrie — at  the  lower  and  anterior  part  of  the  neck,  between 
-*ie  common  carotid  artery  and  the  jugtdar  vein  j  inferior  laryngeal — 
between  the  cesophaguE  and  the  trachea  by  the  gatiglia  of  the  sympa- 
thclic. 

The  supericr  f^rt'iVa/ ganglion  of  the  sympathetic  can  be  reached  in 
the  anterior  maxtllary  fossa,  just  behind  and  below  the  angle  of  the 
lower  jaw  ;  the  middU  cervical,  by  the  side  of  the  stern o-cleido-niastoid 
muscle,  opposite  the  fifth  cervical  vertebra  ;  the  inferior  cervical,  also 
by  the  inner  border  of  the  sterno  cleido-mastoid  muscle,  opposite  the 
Kcond  cervical  and  first  dorsal  vertebra. 
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Aecesswy — at  its  exit  from  the  ftemo-clcido-riiastoi<1  muscle. 

Hypoghssus — between  the  stylohyoid  and  hyoglosstis  muscles,  nnder 
the  hyoid  bone. 

Phrenic— ax.  the  outer  border  or  the  sterao-deido-miutoid  muscle^ 
by  the  anterior  border  of  the  scalenus  anticus,  near  the  omohyoid  nnu> 
cle.     Excitation  of  this  nerve  causes  strong  movements  of  the  che^t. 

Brachial  plexus — in  the  sui>ra-clavic«lar  space,  posterior  to  the 
outer  border  of  the  stemo-clcido-mastoid  muscle.  Excitation  of  this 
plexus  causes  a  feeling  of  tingling  and  numbness  in  the  fingers  and 
down  the  ami,  and,  when  the  current  is  strong,  flexion  of  the  forcartn 
and  Gngers. 

jDiJrWfV  scapula — at  the  border  of  the  trapezius,  near  the  accessory. 

Supra  scapularis — jiist  before  its  entrance  into  the  scapula,  and  ex- 
ternal to  rhe  omohyoid  muscle. 

Anterior  thoracic — at  the  uj)]>cr  border  of  the  pcctoralis  major,  below 
the  clavicle. 

Poticrior  thoracic — above  the  cla^-idc,  near  the  trapezius. 

The  thoracic  nerves  arc  irregular  in  their  distribution,  and  therefore 
difficult  to  find. 

Axillary — at  the  upper  and  posterior  border  of  the  axilla. 

Museuh-cutaneous — between  the  biceps  and  coraco-brachialis. 

Median — in  the  lower  third  of  the  arm,  at  the  point  where  it  crosses 
the  bracliial  artery.  Mild  excitation  of  this  nerve  causes  tingling  in  the 
ami  and  fingers ;  a  strong  excitation  causes  closure  of  the  fingers  and 
pronation  of  the  hand. 

Ulnar — at  the  groove  between  the  olecranon  and  the  internal  con- 
dyle. Excitation  of  this  nerve  causes  pain  in  the  inner  surface  of  the 
foreann  and  contraction  of  the  fiexor  carpi  ulnaris,  Elcxor  dtgitonim 
profundus,  adductor  poUicis  lumbricalis,  and  interossei  of  the  little 
finger. 

Radial — in  the  lower  third  of  the  arm,  at  the  point  of  its  emergence 
from  beneath  the  triceps.  Excitation  of  this  nerve  causes  tingling  in  the 
outer  part  of  the  ami  and  forearm,  and  down  to  the  wrist ;  strong 
excitation  produces  extension  of  the  first  phalanges  of  the  fingers,  ex- 
tension of  the  hand  and  thumb  and  supination  of  the  forearm,  contrac- 
tions of  the  extensor  carpi  radialis  and  ulnaris,  extensor  digitorura  com* 
munifi,  extensor  minimi  digiti,  extensor  indicia  prop.,  extensor  pollicil 
longus  and  brevis,  adductor  pollicis. 

Sciatic — in  the  thigh,  posterior  to  the  head  of  the  femur,  at  the  point 
where  the  nerves  issue  from  the  pelvis,  or  in  the  pelvis,  through  the 
posterior  wall  of  the  rectum.     Electrization  of  this  nerve  causes  sensa- 
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tions  of  tingling  in  the  leg  below  the  knee,  and  foot,  sir,  jlar  tc  thosA 
which  wc  so  often  experience  when  we  accidenuUy  sit  on  ;he  sciatic 
nerve. 

Crurai — just  after  its  exit  from  beneath  Poupart's  ligament,  exterior 
to  the  crural  artery.  Electrization  of  tKis  nerve  causes  sensations  in 
those  ]>arls  of  the  leg  that  arc  Bupj^licd  by  its  branches. 

Obturator — on  the  horizontal  branch  of  the  piibic  bone,  Iflheap. 
plication  is  successful,  and  the  current  used  sufficientlj'  strong,  the  thigh 
is  abducted. 

Popliteal — in  the  outer  part  of  the  popliteal  space.  Eleciri/ation  of 
this  nerve  causes  vigorous  contraction  of  the  muscles  that  mo*"e  the 
foot  upward  and  outward. 

frontal — on  the  posterior  border  of  the  capitulum  fibulae.  Excita- 
tion of  this  nerve  causes  contraction  of  the  tibialis  anlicus,  peronci 
muscles,  extensor  digitorum  coninnmi^  longus,  extensor  dtgitorum  com- 
rounis  brevis,  and  extensor  halhicis  longus. 

Tibial, — This  can  be  reached  on  the  middle  and  outer  part  of  the  knee. 
When  strongly  clcctrizctl,  contractions  arise  in  the  muscle  of  the  pos- 
terior part  of  the  leg.  The  tibial  nerve  can  more  easily  be  reached  in 
the  depression  posterior  to  the  internal  malleus. 

Farado-imsihiliiy  of  the  Surface  of  the  Body.— Very  many  muscles 
have  no  accessible  motor  points,  and  must  therefore  be  electrized  intra- 
muscularly. Practically  this  is  done  in  the  majority  of  cases.  Wc  pre- 
sent In  the  acconipanj-ing  cnts  a  birdVeye  view  of  the  electric  points  of 
the  prominent  ncr»-cs,  plexuses,  and  muscles,  and  of  the  relative  sen- 
sitiveness of  dilTcrcnl  parts  of  the  surface  of  the  body  to  the  faradic  cur- 
rent. 

The  relative  sensitiveness  of  the  differeni  part-S  of  the  surface  of  the 
body  to  faradization,  we  have  also  ascertained  by  nnmerous  compara 
tive  observations  on  persons  in  health,  with  Che  moistened  hand  and 
well- moistened  sponge  electrodes.  The  method  of  making  these  obser- 
tions  is  to  place  the  patient  In  the  position  for  general  faradization,  with 
his  feet  on  llie  plate  to  which  the  negative  pole  is  attached,  while  the 
experimenter  applies  the  positive  all  over  the  surface  of  tl"e  body. 

Degrers  of  /''arnch-scnsibilify.—Wv  have  dislinguishei  five  degrees 
of  sensilivcncss,  the  highest  being  marked  one.  For  all  practical  pur- 
IMMes  these  are  sufficient ;  approximate  accnracy  is  all  that  is  attempted. 
The  sensitiveness  of  the  body  when  irritated  by  the  faradic  current  ia 
due  partly  to  the  quality  and  position  of  the  sensory  rerv<s,  and  partly 
to  the  peculiar  feeling  that  attends  am^cutaf  contraction  ^eleclrtMnuA* 
Ctilar  sensibility). 
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The  feeling  of  muscular  contraction  amounts  tn  some  instances  to 
actual  pain,  so  that  a  part  which  is  not  richly  supplied  with  sensory 
nerves  may  yet  be  very  sensitive  to  the  current.  This  is  esjiccially  tlic 
case  witJi  the  6lerao<cleiUo-uiai>toid  muscle,  whidi  on  being  tottched 
near  its  centre  contracts  with  a  painful  jerk.  The  same  ts  true,  to  a 
less  extent,  of  the  Irapcjius,  the  flexors  of  Ihc  arm,  and  of  the  peronei 
muscles.  In  all  parts  where  no  muscular  contractions  are  produced, 
the  Sensitiveness  of  the  surface  of  the  body  depends  on  the  quality  and 
position  of  the  sensory  nerves,  and  beats  a  pretty  cousunl  relation  to 
its  sensitiveness  to  ordinary  mechanical  irntation. 

Thus  it  will  be  observed  that  the  parts  which  are  most  sensitive  to  a 
blow  or  fall,  or  to  any  mechanical  injury,- — as  the  bead,  face,  or  surface 
of  the  bones,  clsricle,  sternum,  scapula,  patella,  etc., — are  likewise 
marked  highest  in  the  scale  of  sensitiveness  to  the  current. 

To  guard  against  error  it  is  necessary — 

I.  To  tise  always  the  same  electrode  and  the  same  direction  of  the 
current ;  therefore  the  negative  pole  should  be  kept  at  the  feet  during 
the  entire  silting. 

3.  To  make  the  prestiire  of  the  electrodes  uniform,  and  to  moisten 
vrell  all  parts  supplied  with  hair. 

5.  To  use  the  moistened  hand  for  the  head  and  face.  The  head,  es- 
pecially, is  GO  exceedingly  sensitive  to  the  faradic  current  that  it  will 
hardly  bear  a  sufticicnt  strength  of  current  tluough  a  sponge  to  make  a 
comparative  estimate. 

It  will  be  observed  that  only  a  few  parts  are  marked  5 — the  middle 
of  the  back,  the  outer  surface  of  the  thigh,  and  the  testicles.  The  peri- 
nxum,  which  cannot  be  represented  in  the  cut,  should  also  be  marked 
S-  It  will  be  obficrvcil  that  the  points  most  highly  sensitive  are  those 
where  very  sensitive  nerves  pass  over  the  surfaces  of  bones,  as  the  head 
and  jaws.  Of  the  other  parts  not  represented  in  the  figures,  the  external 
auditory  canal  should  be  marked  i  ;  the  middleof  the  stern  ocleido-mas- 
toid  muscle,  a  ;  the  axilla,  3  ;  and  the  ends  of  all  the  ftngcrs,  a;  the 
under  aide  of  the  penis,  2  ;  the  point  between  the  penis  and  scrotum,  4 ; 
tlie  under  surface  of  the  heel,  the  plantar  arch,  the  ball  of  the  foot,  4.  If 
the  external  auditory  canal,  drum  of  the  ear,  conjunctiva,  nasal  nmcoyg 
membrane,  tongue,  and  larynx  were  represented,  tliey  should  be  marked 
a  degree  or  two  higher  than  i,  since  they  are  more  sensitive  than  any 
portion  of  the  surface  of  the  head.  The  best  point  to  test  a  current  of 
extreme  feebleness  is  the  tip  of  the  tongue. 

The  rectum,  urethra,  and  vagina  are  but  little  sensitive  to  the  eurretU 
in  comparison  tvith  the  mucous  meuibranes  of  the  m<futh,  except  at  their 
19 
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extnual  orifice?.  They  might  be  marked  4  w  5-  The  os  uUri  and  tlie 
bladder  vrotikl  I>e  inaiked  4,  5. 

It  should  be  distincily  understood  thai  these  remarks  apply  to  the 
applications  of  the-  faradic  current  wirh  electrodes  siiflicicntly  moistened 
to  allow  the  current  to  pass  readily  through  the  epidermis.  In  dry 
faradization  the  results  are  someivhat  different,  the  pain  at  alt  pans  be- 
iny  far  less. 

Farado-sensibility  as  compAred  with  GahanO'sensthilify.^-'VUe:  gal- 
vanic current  causes  a  burning  sensation  wherever  it  is  apphcd  ;  but  this 
IS  most  sensitively  felt  at  those  parts  that  are  abiindantly  supplied  by 
sensory  ncrvrs.  This  burning  feeling  increases  with  the  length  of  lime 
that  ilic  current  is  applied. 

The  greater  sensitiveness  of  the  bones  to  the  faradic  current,  as  com- 
pared *'ith  ilic  galvanic  current,  is  due  to  the  greater  nicchnnical  action 
of  the  former.  An  intcmiptetl  galvanic  current,  of  sufficient  strength 
to  produce  muscular  contractions,  produces  the  same  sensations  as  the 
faradic  current,  witJi  the  addition  of  the  btiming  ffcting  at  the  surface 
beneath  the  electrodes.  The  fact  thai  the  galvanic  currein  is  less  jwiin- 
ful  to  the  surfaces  of  the  bones  gives  it  a  certain  advantage  in  making 
ap]>IicalioiiH  to  ihc  bead,  allliough  the  pain  of  the  faradic  current,  when 
apl^Iied  to  the  head  by  the  moistened  hand,  may  be  reduced  to  *  mini- 
nmm. 

A  Kmnoledge  0/  the  Normal  EteetrO'SensibiHty  of  the  Body  essential  in 
Etectro-iiiagnosis  an/i  EUetre  therapeutics. — A  knowledge  of  the  relative 
scn.sitlvcness  of  the  different  pans  of  the  body  to  the  electric  current 
)£  indispensable  Iwth  in  ekitrodiagnosis  and  etectre-thfrapeutics.  It  is 
Bt  once  obvious  that  to  determine  by  the  electric  test  the  extent  of  anaes- 
thesia, or  loss  of  electro-nnisccilar  sensibility,  in  cases  of  paralysis  with- 
out a  previous  knowledge  of  the  normal  sensitiveness  of  the  pans  to  the 
electric  current  and  the  normal  feeling  of  electro- muscular  sensibility  in 
the  affected  muscles,  is  simply  impossible.  From  a  want  of  this  knowl- 
edge very  important  mistakes  are  made  in  electro -diagnosiB.  In  local 
and  general  fara<liz3lion  a  knowledge  of  the  relative  sensitiveness  of  all 
the  parts  of  the  surface  of  (he  body  enables  one  to  make  an  application 
which  would  otherwise  be  painful,  and  perhaps  injurif  us,  both  paiDle.<« 
ind  refreshing. 


CHAPTER  Vir. 
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Thb  general  principles  on  which  batteries  are  constructed,  as  w<l 
u  minute  description  of  some  of  the  best  known  elements,  have  already 
been  presented  in  ihe  section  on  electro  physics.  In  this  chapter  we  pro- 
pose to  spealc  only  of  those  combinaitons  of  elemcnu  tliat  arc  used  in 
electro-therapeutics,  and  our  descriptions  will  be  of  a  general  character, 
having  reference  mainly  to  the  practical  use  and  care  of  them  by  the 
electro-thcrai>eulist. 

before  entering  on  the  description  of  apparatus  a  few  general  re- 
marks may  be  appropriate. 

1.  A  good  battery  is  not  all  chat  is  necessary  to  make  a  good  elerm*. 
Ifaerapeutist. 

There  exists  an  impression,  quite  widely  prevailing  in  the  profession, 
that  the  beginning  and  the  end  of  the  great  science  of  electro-thcrapcu- 
rics  is  to  get  a  battery.  This  impresiion  has  wrought  much  e^-il.  It 
has  been  the  means  of  leading  physicians  to  invest  time  and  patience 
and  money  in  a  deparlment  for  which  ihcy  have  no  qualification.  The 
purchase  of  a  battery  is  simply  a.  tx&i  step  in  the  right  direction ; 
it  is  the  beginning  of  a  long  road. 

One  who  uses  electricity  in  medicine  requires  good  apparatus  jiis( 
as  the  surgeon  requires  good  iostrumenis  and  the  carpenter  good  tools  ; 
but  as  tools  cannot  make  a  carpenter,  nor  instruments  a  surgeon,  so  a  bat- 
tery cannot  make  one  skilful  in  the  therapeutical  use  of  electricity.  It  is 
not  the  battery,  it  is  the  brains,  (hat  makes  a  good  electro  therapeutist. 

a.  The  best  and  most  recent  apparatus  is  not  so  simple  as  to  entirely 
dispense  with  the  need  of  care  and  experience  on  the  part  of  the  physi- 
cian. 

The  advance  in  the  construction  of  apparatus  for  electrotherapeu- 
li«  has  been  very  great,  but  not  sufficient  to  make  it  possible  for 
fararfic  or  galvanic  apparatus  to  keep  in  order  without  attention. 

Just  as  the  fire  in  the  grate  goes  out  unless  the  coil  is  replenished, 
)i<st  as  (he  gas  is  extinguished  when  the  supply  is  shut  off,  so  electriciti 
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generated  in  a  battery  ceases  to  tow  unless  the  luetnls  consumed  in  th« 
chemical  action  arc  replaced  or  repaired. 

The  best  and  simplest  of  baitcrics  wilt  sometimes  get  out  of  oider. 
Unexpected  contingencies  will  arise  that  demand  some  knowledge  of 
applied  electro  physics.  The  knowledge  can  be  obtained  only  by  study 
and  experience. 

3.  Whatever  choice  we  make  in  our  apparatus  at  the  present  day,  ire 
shall  probably  not  make  any  very  serious  mistake.  A  few  years  ago  it  was 
impossible  to  get  a  really  good  apparatus  for  electro-therapeutics ;  now 
it  is  almost  impossible  to  get  a  really  l>ad  one. 

4.  An  apparatus  to  which  wc  aie  accustomed  is  much  more  tractable 
in  our  hands  than  a  far  superior  apparatus  the  management  of  whidi  is 
new  to  us.  It  is  with  batteries  as  with  babics^-evcry  man  thinks  his  own 
ia  the  best.  We  see  the  same  principle  illustrated  in  instruments  fgr 
general  and  special  surgcr)*. 

Ceniinuaus-eoil  and  Sffarate-eail  Faradic  Machines. — There  are  in  the 
market,  and  in  cuinnion  use  among  pliysicians,  two  quite  dilferent  fotms  of 
farodic  apparatus.  In  one  of  these  forms  which  vre  call  the  contitmeusiOH 
machine,  Ilnr  lielix  is  composed  of  one  hng  wire  varying  in  thickness, 
lapped  at  difffrent  points,  so  as  to  obtain  different  qualities  of  current. 
This  mre  may  be  wound  in  three,  four,  or  more  coils.  The  inner  coilis 
Hsnally  comparatively  short,  and  Is  of  thick  wire ;  the  second  coil  is 
longer,  and  of  finer  wire  ;  the  third  still  longer  and  finer,  and  so  on  ; 
but  the  metallic  connection  is  complete,  and  it  is  all  a  continuous  wire. 

The  machines  of  Kidder,  Hall,  and  others  are  of  this  construction. 

In  the  jf/ara/^'-iJ't?// machines  the  helix  is  composed  of  iwa  entirely 
separate  and  distinct  wires ;  the  inner  wire,  which  like  that  of  the  inner 
coil  of  the  continuous  machine  is  short  and  ihick,  has  no  metallic  con- 
nection willi  the  outer  wire.  'Ilie  outer  wire  is  longer  and  thinner  than 
the  inner  wire.  The  faiadic  machines  of  Slohrer,  of  Drcscher,  and  of  the 
Galvano- Kara  die  Manufacturing  Company  are  of  this  construe  lion. 

The  quality  of  the  induced  current  generated  by  these  two  types  of 
machines  arc  quite  different.  We  have  already  seen  (Electro- Physics, 
p.  3)  that  electricity  is  a  force — a  mode  of  motion  of  the  ether  and  of  the 
particles  of  the  substance  in  which  the  force  circulates.  It  follows  from 
this  definition— if  we  accept  it— that  the  quality  of  the  current  must  be 
modified  by  the  nature  of  the  substance  through  which  it  is  conducted. 
Every  modification  of  the  conductor,  increase  or  diminution  of  its  dia- 
meter, increase  or  diminution  of  its  lengih,  or  any  change  in  its  consli- 
lution,  must  affect  more  or  less  tlie  character  of  the  current  that  Sows 

rough  it.    Hence  it  is  that  the  currents  coming  From  the  different  points 
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of  tlic  continuous-coil  machine  are  sotnewha:,  though  slightly,  diRerenl 
from  each  other  in  quality  and  in  their  physiological  effects.  Hence  also 
ihc  current  from  the  separaie-coii  inacliioc  it  quite  different  from  that 
coming  from  the  continucus-coil  machine.* 

Single-eoil  and  Separate-ceil  Faradu  Mcchines  compared  in  their 
Tlterapeutie  Effects. — The  conchi^iionii  at  which  we  have  arrived  on  this 
question  are  formed  from  a  very  wide  experience  with  single  and  separate 
machines,  in  public  £Lnd  private  practice  as  well  as  from  convertation  and 
correspondence  with  many  phj'sicians  who  are  using  one  or  both  varittics, 
and  whom  we  have  requested  to  study  their  comparative  effects.  Our 
conclusions  may  be  thus  stated  : 

I.  For  nervouSf  hysterical,  and  greatly  debilitated  patients,  and  in 
nearly  all  cases  where  general  faradization  is  required,  a  single-coil  ma- 
chine is  preferable. 

This  conclu:>ion  is  based  not  on  any  physical,  physiological,  or  theo 
retical  considerations,  but  simply  ont'/my<:fr/^^/^/-/Vffir^.  Again  andagain 
have  we  attempted  to  treat  nervous,  delicate,  and  hysterical  patients 
witli  ihe  separate-coil  machine,  and  have  been  compelled  by  unpleasant 
symptoms  to  return  to  the  madiine  with  a  single  coil.  The  reasons  why 
Ihccitirent  from  the  »ingle-coil  machine  \%  less  irritating  and  more  agree- 
able to  delicate  patients,  arc  to  be  found  in,  ibc/kysicai  differences  of  the 
currents  already  referred  to.  This  conclusion  is  not  peculiar  to  our- 
selves ;  it  is  held  by  many,  though  not  by  all,  the  electro- therapeutis  is 
with  whom  we  are  acquainted. 

It  is  not  even  necessary  tliat  the  patient  should  be  ver)'  delicate  in 
order  to  test  this  difference  ;  any  individual  of  average  slreogth  and 
health  will  appreciate  without  diHiculty  the  general  fact,  that  the  cur> 
rent  from  the  one  aiachinc  is  more  agreeable  and  less  harsh  and  weary- 
ing than  the  current  from  the  other. 

That  the  Ionic  and  sedative  effects  of  general  faradiiation  can,  how 
ever,  be  obtained  by  separale-coil  machines,  is  proved  in  Germany, 
where  the  faradic  machines  in  use  are  chietly  of  llie  separate-coil  varie^, 
and  general  faradization  is  uticd  there  continually  by  the  highest  aulhori* 
ties  in  clectrolog)-,  and  with  all  the  brilliant  effects  over  nutrition  thai 
we  have  in  onr  writings  claimed  for  it. 

It  must,  however,  he  admitted  that  the  Germans  arc  much  less  sensi- 
tive and  nervous  than  the  .\mcricans. 

But  the  advantages  of  a  smooth  and  pleasant  ctirrent  are  not  con5ned 

*  Oniniiuv  of  Puis,  hu  rrccntly  &hown  ihal  hclicn  fbrmcd  of  copper,  sllvrr,  vid 
lead  have  a  dUcrentioJ  physiolo^-Icd  action. — Jimr.  dt  PAnitiemit  tt  Je  in  Pkytiela- 
fie,  Mars,  1S74. 
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to  general  faradization  ;  in  localized  Faradization  of  the  musclesof  the  face, 
legs,  and  arms,  and  in  a|>[>lications  to  special  organs  that  are  irritably 
the  cunent  from  the  separate-coil  machine  is  more  irritating  and  un- 
pleasant than  tJiat  of  the  single-coil  machine.  In  childien  with  inu- 
tile paralysis,  and  in  delicate  women  who  perhaps  are  afraid  of  elcc* 
(ridty,  this  consideration  becomes  one  of  practical  importance. 

On  the  other  hand,  there  arc  very  tnany  cases,  especially  in  public  prac- 
tice, where  it  is  a  matter  of  apparent  indifference  which  current  is  used. 

3,  For  patients  who  from  idiosyncrasy  or  from  disease  are  greatly  in- 
Mnsililc  to  elcctnciCy,  the  scparatc-coil  machine  M:ems  to  be  preferable 
10  that  of  the  single  coil. 

Cases  arc  not  very  uncommon,  even  among  the  better  classes,  where 
there  is  enormous  and  inexplicable  tolerance  of  electricity.  Power* 
ful  and  protracted  applications  leave  them  as  they  &ad  them  ;  they  are 
not  painfully  felt  during  the  sitting,  and  they  leave  no  appreciable 
effects  behind  them.  In  the  anesthesia  that  accompanies  posterior 
spinal  sclerosis  and  certain  injuries  of  nerves,  the  harsh  and  irritating 
current  of  the  separate-coil  machine  is  not  disagreeable  at  all,  and  ap- 
]}ears  to  be,  in  our  hands  at  least,  more  cf^cactous  than  the  cnnent  &om 
the  single-coil  machine.  We  are,  we  believe,  the  only  obser\'ers  who 
have  called  attcntiun  to  this  fact.  Formerly  wc  supposed  that  the  dif- 
ference in  the  quality  of  the  current  of  different  machines  dc]>cnded 
mainly  on  the  construction  of  the  rheotome  ;  this  view  is  not  sustained 
by  our  more  recent  studies  tn  the  department.  It  is  the  coil  more  than 
the  rheotome,  and  more  than  the  kind  of  cell,  ihnt  determines  the 
quality  of  the  current,  although  the  frcipiency  of  the  vibrations  as  de- 
tennined  by  the  rheotome  has  a  decided  iniluence. 

Tiie  Camparativt  Valu*  of  Slcnu  InlerrupUom .-^X\i^z  arc  a  large 
number  of  physicians  who  find  or  think  they  tind  a  great  therapeutical 
advantage  in  slow  interni|uions  to  the  treatment  of  paralyMS.  A  blind 
deference  to  authority  has  prevented  a  careful,  original,  and  impartial 
investigation  of  this  subject,  and  statements  of  European  writers  and  in 
strument  makers  had  been  received  without  dispute,  unti!  we  incidentally 
■poke  of  our  experience  in  the  matter  less  than  two  years  ago. 

With  a  slow  ittterriiptidn  a  stronger  cumnt  can  he  borne  than  with 
a  rapid  interruption,  and  hence  it  sometimes  happens  that  a  paralyzed 
muscle  will  contract  under  the  former  when  it  will  not  under  the  latter. 
In  occasional  instances  this  advantage  may  be  titilized  for  those  phy- 
licians  who  have  only  the  faradic  and  no  galvanic  apparatus. 

For  those  who  have  a  galvanic  current  of  good  strength  the  slow  in- 
termption  is  imnccessary,  even  granted  that  it  has  some  advantage  over 
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Fuadic  Machine,  with  a  tip  uruigemeiit  (Ki4der). 
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the  rapid  interruption  in  producing  muscular  contraciion,  for  a  strong 
galvanic  current  interrupted  will  cause  muscle*  to  contract  that  will 
not  respond  lo  the  firadic  current  whether  slowly  or  rapidly  inter 
riipted. 

In  ihisl)3iier>'  the  cell  is  placed  on  pivots  so  that  it  can  be  easily 
turned  over  go*.  When  ii|>right,  the  metals  are  immersed  ;  when  turned 
over,  the  metals  are  out  o(  the  solution.  The  stopper  is  of  rubber, 
and  it  is  provided  with  a  rubber  funnel  for  the  escape  of  the  gases. 
This  arrangement  is  a  very  great  advance  on  the  oid  one,  where  each 
time  the  machine  was  used,  there  would  be  pouring  of  the  acid  and 
necessar)-  spilling  into  and  from  a  bollle. 

For  the  past  year  wc  have  used  only  this  tip  element,  having  dis- 
carded entirely  the  old  arrangement.  It  is  not  ornamental,  but  is  very 
convenient. 

Smcc's  cell  is  a  very  convenient  cell  to  take  caie  of,  and  when  not 
kei>t  too  long  immersed,  or  used  with  loo  strong  solution,  is  very  en- 
during. 

The  current  of  Kidder's  faradic  machine  is  a  very  pleasant  one,  and 
is  especially  adapted  for  nervous  and  sensitive  patients,  on  whom  gen- 
eral faiadisaiion  is  employed.  The  agreeable  character  of  the  currents 
that  come  from  it  is  to  be  explained  in  part  by  tht:  fact  that  it  is  a 
continuous  coil  macliioe — all  the  different  coils,  from  three  to  six  in 
number,  being  connected — and  in  pan  by  ihe  construction  of  the  rhco- 
!ome ;  but  mainly,  we  think,  by  the  former,  since,  as  has  been  stated, 
ill  single-coil  machines,  other  condiiions  being  the  same,  give  a 
Ijlcasantcr  current  than  separate  coil  machines. 

The  character  of  the  current  is,  as  we  have  seen^  modified  by  the  length 
and  fineness  of  the  wire  in  ihc  different  parts  of  the  coil.  The  inner 
coil  (A  B)  15  of  tliick  wire  and  is  short,  and  gives  a  very  mild  current ; 
the  second  coU  (B  C)  is  of  thinner  wire,  and  is  longer,  and  gives  a 
stronger  current ;  the  tliird  coil  (C  D)  is  still  finer  and  longer,  and  gives 
a  still  stronger  current.  The  majority  of  these  instruments  have  but 
tliree  coils ;  but  in  some  of  the  larger  instruments  one  or  more  coils 
;K  and  F)  have  been  added.  All  these  coils  are  metallically  con- 
nected, so  that  they  really  con&litute  one  long  coil,  varying  in  diffcrcni 
parts  in  the  fineness  of  the  wire. 

All  the  currents  that  come  from  this  batiery  (A  B,  H  C,  C  D,  D  E, 
A  D,  A  E,  etc.)  may,  therefore,  be  regarded  as  modifications  of  the 
primary  current  (see  Electro-Physics,  p.  63).  Inasmuch  as  electricity 
IK  modified  by  the  nature  of  the  substances  through  which  it  circulates, 
It  follows  that  coils  of  tlifferent  IcngUi  and  fineness  will  give  different 
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VAiietics  of  currents  ;  this  is  fouud  to  be  the  case  with  the  batteiy  under 
consideration.  It  is  found  that  the  currents  vary  not  only  in  strciigtl), 
but  in  the  nature  of  thc-ir  effects,  with  the  portion  of  the  coil  &om  which 
they  come ;  that  ihey  cau&e  different  sensations  when  applied  to  the 
body.  The  differential  therapeutic  action  of  these  currents  Is  loo  com- 
plex to  be  readily  or  satisfactorily  demonstrated. 


RULES   FOB  THE   USE   AND  CARE   Ol'   KIODER's   FARADIC  APPARATUS. 

The  directions  that  we  give  under  this  head  will  apply  in  general  to 
all,  or  nearly  all,  faradic  machines,  and,  therefore,  need  not  be  repeated 
in  the  descriptions  of  other  machines  that  are  illustraled  in  this 
volume. 

To  frefare  the  Apparatus  Jor  Use. — Fill  the  glasii  jar  with  a  solution 
or  water  and  sulphuric  acid — one  part  sulphuric  acid  to  eight  or  twelve 
parts  water.  It  is  not  necessary  to  be  rigidly  mathematical  in  regard  to 
the  quantity  of  the  sulphuric  acid.  The  average  proportion  i»  one- 
tenth,  but  it  may  range  between  one-sixth  and  one-sixteenth.  The  jar 
should  be  about  two-thirds  Ailed  with  the  solution. 

It  is  also  necessary  to  put  about  a  leaspoonfnl  of  cpiicksilver  in  the 
cup.  This  touches  the  lower  end  of  the  zincs  ard  keeps  them  con- 
stantly amalgamated.     (See  Electro  Physics,  p.  jy.) 

The  quicksilver  should  not  be  allowed  to  touch  the  central  plate  of 
platinum,  as  it  may  injure  it.  In  some  of  the  niodi&calions  of  tJiis 
apparatus  it  is  necessary  tocloAc  the  prongs  between  one  of  the  brass 
posts  that  is  labelled  and  the  one  in  the  middle  that  ha*  no  label. 

The  apparatus  is  now  ready  for  action.  If  ilie  spring  docs  not  ax 
uncc  vibrate,  give  it  a  slight  stroke  with  the  finger.  If  it  still  refuses  to 
vibrate,  it  may  be  necessary  to  readjust  the  screw.  If  ihe  spring 
vibrates,  but  irregularly  or  too  slowly,  the  evil  may  usually  be  remedied 
by  readjusting  the  screw. 

Now  connect  the  strings  attached  to  the  electrodes  with  the  lettered 
iwsts.  A  is  always  the  positive  pole,  and  B,  C,  and  D  are  always  nega- 
tive relatively  to  A. 

Te  disiinguish  the  Poles. — It  is  always  possible  to  distinguish  the 
negative  pole  by  holding  the  electrodes  fur  a  moment  in  the  two  hands ; 
the  one  in  which  the  current  is  strongest  Jelt  is  the  negative poU. 

If  the  apparatus  refuses  to  go,  or  if  it  slops  at  any  time  while  in  use, 
the  cause  may  be  looked  for — 

I.  /«  the  screw  of  the  rkeotome  or  current -breaker.  This  may  not 
be  properly  adjusted.     I'he  point  may  be  loo  lar  from  the  spring,  or  too 
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closely  pressed  upou  ic.  Thiswnnt  of  proper  adjustment  of  the  screw 
K  the  most  frequent  cause  of  a  sloijpiiig  of  Uie  machine,  and  of  the  re- 
fusal of  the  s[>rinj;  to  vibrate.  I'hc  spring  may  sojuetimes  be  corrodef 
at  the  point  where  the  screw  touches  it. 

2.  /«  /he  eanufetion  of  the  wires.  The  wires  that  unite  the  zincs  and 
platinum  uiay  nut  be  properly  screwed  at  their  point  of  connection,  or 
may  be  corroded. 

3-  In  the  baltery  iiself.  The  battery — that  is,  the  zinc  and  platinum, 
with  the  iotiLtioD  in  the  glass  jai — may  get  oiu  uf  order  in  four  ways. 
first,  the  solution  may  lose  its  strcnglh.  This  difficulty  may  be  reiiie- 
died  either  by  pouring  in  sonit;  sul|)ininc  acid  or  by  making  an  entirely 
new  solution,  or  by  simply  adding  more  water.  Secondly,  the  zincs  may 
become  so  corroded  and  incrusled  as  to  became  incapable  of  generating 
a  current.  When  we  have  reason  lo  suspect  thai  such  is  the  case  we 
should  clean  them  with  an  old  tooth  brush  or  cloth^  or  amalg.imale 
them.  When  the  zincs  have  lost  their  amalgam,  local  action  may  take 
place  ;  llils  will  be  indicated  by  rapid  cvoliUioti  of  hydrogen.  Thirdly,  a 
portion  of  the  mercury  may  havi?  fallen  onto  the  jilatinuni,  and  covered 
it.  When  this  happens,  little  or  nu  current  can  be  obtained.  Fourthly, 
the  platinum  and  tlie  zincs  will,  in  time,  by  hard  and  long  u&age,  wear 
out,  and  will  need  to  be  replenished. 

4.  In  the  helix.  It  is  very  rarely  indeed  that  the  helix  of  this  appar- 
atus  ever  becomes  so  injured  as  to  become  incapable  of  service.  If, 
after  we  have  propcily  adjusted  the  screw  and  spring,  made  sure  of  the 
connections  of  the  wires,  replenished  ihc  solution  and  cleaned  the  zincs, 
the  apparatus  persistently  refuses  lo  go,  we  have  reason  to  suspect  that 
i^mething  may  be  wrong-  with  the  wires  that  compose  the  helix.  If 
stich  be  the  case  tiie  evil  can  be  remedied  only  liy  the  inventor  himself, 
or,  at  Icatit,  by  &ome  one  practical!^'  familiar  with  the  construction  of 
helices,  I3«t  we  s^hculd  try  very  patiently  and  pcrscvcringly  before  we 
accept  the  conchmon  that  ihc  helix  is  thus  out  of  order,  for  it  is  an  ac* 
cident  of  extremely  rare  occurrence. 

When  no  current  is  felt  ac  the  electrodes,  although  the  apparatus  act^ 
liroperly.  we  know  that  the  eamueticn  is  broken  somewhere  in  the  tnsu 
lated  cenductiag  wires.  Sometimes  the  union  of  the  wires  with  the 
electrodes  is  imperfect,  and  occasionally  the  wire  in  some  part  is  broken. 
I-'inally,  the  electrodes  themselves  may  become  very  much  corroded, 
and  may  need  cleaning  before  a  good  current  can  be  obtained. 

Ta  take  care  of  the  afifiaratus. — When  not  in  use,  the  element  can  be 
taken  out  of  the  solution.  When  the  lip  batlery  is  used,  all  that  is  ne- 
cessary is  to  merely  turn  over  the  jar.    If  the  element  remains  too  lon^ 
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a  time  in  the  jar  ai;  tncrut>tation  of  »slt  will  sometimes  accttmulate  on 
the  toi)  of  the  zincs  ,vhich  will  need  to  be  brushed  or  washed  off.  Thir 
salt  is  the  sulphate  of  zinc,  resulting  from  the  action  of  the  sulphuric 
acid  on  the  zinc. 

We  may  know  that  action  is  taking  place  in  the  battery  wUen  bub' 
hies  of  hydrogen  are  rising  up  by  the  sides  of  the  zinc 

Methods  0/  modifying  the  Current. — 'Jhc  sirenylh  of  tlie  current  of 
this  macliine  inay  be  modified  in  several  ways,  as  follows': 

t.  It  maybe  modified  by  withdrawing  or  pushing  in  the  metallic  tube 
that  covers  the  helix. 

When  this  tube  covers  the  helix  an  indelitiite  number  of  branch 
currents  are  indurcd  in  it  that  interfere  with  the  miin  current  and 
weaken  it.  In  proportion  as  this  is  witlidrawu,  the  induction  of  branch 
currents,  and  the  consequent  interference  with  the  main  current,  grows 
le&s. 

This  method  of  modii}'ing  the  strength  of  the  current  must  be  used 
coatioually  both  in  general  and  locali&ed  faradization. 


fit.  4S. 

Fandic  Machine,  sqnrale  coil,  double  cell,  in  box  { C ft) van 0- Farad ic  Manvifacturtng 
Co.)-  F  F  are  the  Iwo  elements  of  dnc-oubon  ;  A  A  tfie  roik  bj-  whicli  Ihe  aae 
is  raisnl  froni,  and  lowered  iuio,  the  Kiliiiion  ;  D  the  hammct,  uid  4  the  hdU 
Ijartly  drawn  out.  Theae  [oachEim  sue  run  by  one  or  two  linc-oarlxtn  cells 
(Wftlket*!  ])>ttcry,  see  p.  35,  in  HlccLio-Phyiics). 


2.  The  current  may  be  modified  by  increasing  the  quantity  of  the 
lolutioQ,  or  of  tlie  sulpliuric  add  m  iL    This  measure  can  be  resorted 


300 


APPARATUS  FOR  ELECTRO -THERAPEUTICS. 


to  when  the  current  fails  to  accomplish  our  purpose,  even  when  tlie 
metallic  tube  Is  entirely  or  nearly  withdrawn. 

3.  When  the  current  passes  through  the  body  of  the  operator,  the 


^ 


cucrent  may  be  modified  by  increasing  or  diminishing  the  pressure  of 
the  hand  on  the  sjKinge  connected  with  the  positive  pole.  (Sec  Geo- 
eral  Faradization.) 
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The  direction  of  (he  current  can  be  changed,  at  any  time,  by  revers- 
ing the  jxisitioii  tjf  the  t-lcctrotics,  or  by  reversing  the  conducting  wires 
in  ihe  posts,  or  by  the  current-re verser,  when  one  ia  attached  to  the 
machine. 

The  faradic  machine  represented  in  Fig.  46,  besides  being  of  the 
sei>araic-coil  variety,  giving  both  the  primary  and  the  secondary  Ctir- 
reni,  has  also  a  very  convenient  contrivance  for  producing  slow  or 
rapid  interruptions. 


/ 


Fandic  MAchine  (coniinuou<i  coil)  (Thftmns  Mnll). 

The  machine  of  Hall  is  a  neat,  compact  arrangement,  and  gives  a 
very  pleasant  current.  Chromatcd  lead  is  iisctl  (or  the  electro-nega- 
tive element.  One  of  the  nielals  is  raised  out  of  the  solution  by  a 
very  convenient  spring,  instead  of  the  jyintcd-rod. 

Maf^nttO'Elidric  Mathines. — '\\icmit^netp-eltctri({i:ix%o<itCiK-Arctary) 
machines  (see  Electro- Physics,  p.  61)  arc  not  much  used  it  the  present 
day,  and  are  not  ordinarily  to  be  recommended.  They  have  been  cm- 
ployed  largely  and  indiscriminately,  especially  in  this  country,  nnd  have 
done  the  cause  of  clcciro- therapeutics  much  evil.  Although  die  cur- 
rent alTorded  by  them  is  well  adapted  to  produce  muscular  contractions, 
and  is  frequently  of  service  in  the  treatment  of  paralysis,  rheumatism, 
and  kindred  disorders,  yet,  for  all  tlic  wide  range  of  diseases  in  whicl) 
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faradic  cleclricity  is  indicated,  it  is  nctlher  siifficientlj^  reliable  nor  mf 
ficiently  effective.  In  niost  of  the  condirions  of  irritability,  in  which 
general  faradi^alian  is  most  effective,  this  fonn  of  electricity,  as  generated 
by  most  of  the  machines,  is  conua-indicatcd,  on  account  of  the  rough 
and  disagreeable  quality  of  the  current. 

Another  very  prominent  objection  to  most  of  the  rotary  machines  in 
Ibis  country  is  that  Ihcy  require  the  aid  of  an  assiiitaiit  to  turn  the 
crank.  This  objection  may  be  met  by  clock-work  attachmenL  An 
arrangement  of  (his  kind  is  employed  by  Dr.  Morel!  McKcnzie,  of 
Ixindon,  in  the  treatment  of  paralysis  of  the  larynx  ;  but  even  for  lliiii 
special  pur])ose  it  would  seem  to  have  no  advantages,  but  positive  dis- 
advantages, as  compared  with  a  compact,  convenient,  and  reliable 
electro- inagn die  apparatus  as  described  in  the  preceding  pages. 

M.  Oraninic  *  has  made  a  magneto-electric  machine  which  fumislies  a 
conlirtuoui  instead  of  an  interrupted  current,  which  in  its  effects  re- 
sembles the  ordinary  galvanic  currenL  The  machine  consists  of  three 
rings  of  soft  iron,  around  which  is  an  endless  coil  of  copper  wire.  Each 
of  these  rings  rotates  between  the  poles  of  a  powerful  magnet,  and  the 
arrangcmcDt  is  such  that  the  opposite  currents  in  the  halves  of  each 
ring  form  a  single  continuous  current 

I'he  machine  ts  turned  by  hand,  and  in  its  large  form  generates  a 
large  quantity  of  electricity.  It  can  produce  all  the  effects  of  the  ordi- 
nary galvanic  current.  It  makes  platinum  wire  red  hoc,  fuses  metals, 
and  is  used  in  clcctro-ptating. 

If  this  machine  can  be  reduced  in  size,  and  modified  in  shape,  it  may 
become  of  value  in  electro-medicine  and  electro- surgery, 

GalTanit  Appttratus. — The  merit  of  placing  in  the  market,  in  an 
accessible  fomi,  convenient  and  reliable  f;aivamc  batteries,  was  in  this 
country  pioneered  by  the  Galvano-Faradic  Manufacturing  Company. 
Before  the  organization  of  this  csLabltshmeDt  the  faradic  machines  of 
Kidder  and  others  had  been  long  in  use,  but  suitable  galvanic  machines 
could  not  be  obtained. 

HydrOital. — The  hydrostat  is  an  admirable  contrirtncc  for  keeping 
Ihc  fluid  from  spilling  when  the  battery  is  carried  in  a  buggy  or  on  a 
long  joiuney.  It  consists  of  a  rubber  covering  accurately  fitted  on  the 
top  of  the  cells,  and  we  have  found  it  a  most  trustworthy  arrangement. 
A  battery  of  sixteen  ccUk,  made  by  this  company,  wc  once  took  with 
as  charged  tttree  hundred  miles  into  the  country  on  a  cousulution,  and 
not  a  drop  was  spilled. 


Allhatis  on  Medical  Eleclridty,  third  edition,  |$74,  p.  S8. 
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Wc  umy  remark  here  that  on  ihc  street  or  steam  cars,  a  battery  liisi 
is  charged  will  not  iisuall/  spill.  It  is  in  omnibuses  and  in  busies  Uial 
the  hydiosiat  vi  necifcil. 


The  xinc-carbon  batteries  are  also  coii&lructed  on  the  same  ^nero] 
principle  of  suttecn  and  eight  cells.     The  t>ixteen-ccU  combination  if 


304 


APPARATUS  KOR  ELECTRO-TIHiKAPEUTICS. 


purcable,  and  about  as  heavy,  when  charged,  as  a  mediuin -sized  valise, 
well  packed. 

The  eight-cell  combination  is  no  heavier  ilian  a  coimnon  faradic 
machine,  and  when  well  charged  gives  a  ciirrciu  of  sufficient  slrcngth 
Tor  many  applications  to  the  eye  anil  head. 


Twenty  fourzincciirbon  butery  (Gfllvino-PaTftdk  Mfg.  Co.). 


The  above  is  called  the  Barllett  galvanic  battery  (Fig.  49).  It  is  a 
very  convenient  apparatus.  It  has  connected  with  it  a  hydrostat,  which 
quite  fiiccesiifiilly  prevents  the  spilling  of  the  solution  during  transpcr- 
taiiun.  The  accessories,  such  as  current  selectors,  commeilator,  rheo- 
loine,  etc,  are  all  attached  to  the  battery.  The  bottom  of  ihe  box  is 
a  movable  nay.  in  which  the  glass  or  hard-nibher  cells  are  placed. 
'["his  movable  tray  is  controllcil  by  two  hinged  rods,  which  are  fastened 
to  it,  and  these  by  two  lifting-rings  at  the  end  of  the  nibber  table. 
These  rings,  being  screwed  tightly  down,  hold  the  cells  firmly  against 
ihc  hydrostat,  or,  being  loosened,  allow  the  hydrostat  to  be  removed 
from  the  front  of  the  centre  of  the  box,  They  also  serve  as  handles  to 
lift  the  tray  of  cells. 
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PraeHtal  DireetioHsfor  the  Use  0/  Zint-Carbcn  Gahnimt  BaUertes. 

The  following  directions  mil  substantiallj'  apply  to  all  cw  nearly  all 
forms  of  ihc  zinc-carbon  batlerj*,  by  whomsoever  nuniifactured. 

How  the  Battery  is  Ccmtructed  a>td  Used. — Thcbc  baiEcrics  are  com* 
posed  of  plates  of  zinc  and  carbon  in  a  solution  of  bichromate  of  po- 
toss,  sulphuric  acid,  and  water.  The  solution  i$  contained  in  glass  jars 
that  arc  raised  up  to  the  plates  of  linc  and  carbon  by  the  keys  at  the 
end&  of  the  box,  or  by  a  crank.     When  the  jars  arc  raised  by  the  kcyfr 


fl 


Fic.  JO. 

TUily-«x  Uus« siaC'Carboti  cell  gabanic  buicry,  with  circular  switch,  revnMT,  and 

iMcrrupter,  Tor  office  ui  huiipital  use  (Kidder), 

to  the  top  of  the  box,  turn  the  keys  at  right  angles^  or  him  the  crauk, 
and  the  jars  will  slay  in  position,  and  the  battery  is  re^dy  for  use,  if  the 
jars  arc  properly  tilled  with  the  solniion. 

\Vhen  the  battery  is  not  in  use  the  jars  should  be  let  down  from  the 
plates  by  means  of  the  keys.  If  allowed  to  remain  immersed  day  after 
day  the  battery  will  rapidly  lose  its  strengtit.     (Sec  Electro-Physics, 

P-  36.) 

Ifau'  to  Charge  the  Battery. — The  solution  is  made  in  about  the  fol- 
lowing proi>ortion5 :  sulphuric  acid,  i  oz. ;  bichromate  potass,  t^  oj, ; 
»o 
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mUer,  lo  oz.  'The  best  way  to  nuke  the  solution  is  to  dissolve  the  1»- 
d)TX>mate  of  pi^tosh  in  cold  vater  and  then  add  the  sulphuric  acid- 
The  mingling  of  the  water  and  sulphuric  acid  causes  great  heat.  /><»  «M 
usr  tht  ioiution  until  U  is  tool.  We  had  not  been  able  to  get  any  sat- 
isfactory explanation  of  the  fact  thai  soUilions  when  het  injure  the  bat- 
tery, until  Prof.  Erackett,  of  Princeton,  informed  lis  that  from  experi- 
ments he  made  several  years  ago  he  proved  thai  when  the  bichro- 
male  of  potash  solution  is  used  hot  a  layer  of  ozone  is  formed  on  the 
carbon  ;  this  at  oiice  weakens  the  current. 

Lift  out  the  plates  by  the  middle  piece  to  which  they  arc  attached, 
lift  up  the  jars  by  the  keys  and  fill  each  jar  with  two,  or  three,  or  three 
and  a  half  ounces  of  the  solution.  They  should  be  filled  pretty  uni- 
formly, and  care  should  be  taken  that  no  more  should  be  put  in  than  the 
jars  will  hold  after  the  plates  are  innncrsed. 

Jivw  to  cUan  tht  BaiUry  and  Amat^amatt  the  Zincs, — Every  few 
weeks  01  months,  according  to  the  extent  to  which  the  battery  is  used, 
it  will  be  iioceutai]  to  wash  the  plates  and  ficrai>e  off  the  exudation,  and 
renew  the  solution,  or,  at  least,  to  add  more  acid  or  w.itcr,  and  amalga- 
mate tlie  zinc.  The  chrome  alum  that  collects  in  the  bottom  of  the  jars 
(see  Electro-Physics,  p.  36)  and  becomes  very  hard  can  he  softened  by 
allowing  warm  water  to  stand  in  the  jars  for  a  lime,  and  then  loo^niiig 
the  deposit  with  any  sharp  instrument.  A  good  way  to  amalgamate 
llie  zincs  is,  take  a  strip  of  zinc,  dip  it  in  a  solution  of  sulphiuic  acid 
and  water,  then  dip  it  in  mercury  ;  the  mercury  will  adhere  to  and  run 
Over  it ;  (hen  rub  up  over  t!ie  surface  of  the  xincs  of  the  battery  until 
all  arc  well  covered  with  mercury.  During  the  process  of  amalgama* 
tion  the  zincs  should  be  kept  well  moistened  with  a  solution  of  sul- 
jihuric  acid  and  water.     (Bee  Klectro- Physics,  p.  36.) 

Hqw  ia  icil  the  Strength  0/ the  Current. — Those  who  have  no  galva- 
nometer can  tell  whether  the  current  is  running  and  how  strong  it  is  by 
putting  one  pole  in  the  hollow  of  the  hand  and  the  olher  between  the 
thumb  and  forctingcr.  The  poles  should  be  wet  with  sail  water  or 
nmpte  warm  water.  Those  who  have  been  accustomed  only  to  the 
Doisy  and  violent  faradic  (induced)  current,  will  be  disapijointed  to  f  ^jd 
that  diis  galvanic  current  causes  only  a  sli,\;ht  burning  sensation,  with  no 
shocks  except  when  interrupted.  A  current  that  is  scarcely  felt  when 
applied  in  the  hand,  may  be  too  strong  to  apply  to  the  head,  or  face,  or 
neck.  The  greatest  mistakes  are  made  by  using  the  gaiianic  current 
ftN*  strong. 

Horn  to  distinguish  the  Poles. — The  current  is  felt  strongest  at  th« 
MBCATiTE  POLE.    When  both  poles  are  dipped  in  a  solution  of  iodide 
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of  poias&iutii,  the  brown  color  of  the  iodine  appeois  at  the  positive 

POLE. 


Chlorkir  of  litver  tMLtlny. 


Cells  out  uf  caHi> 


The  cell  in  the  above  battery  is  very  small,  betnj;  otic  and  one-quar- 
ter inches  square  by  five  und  one-half  deep.  It  contains  a  strip  of  zinc 
and  a  strip  of  sIK-er,  the  latter  being  covered  with  abuut  S  dwt.  uf  fubcd 
chloride  of  silver.  The  solution  is  water  and  sal  ammoniac,  in  the  pro- 
portion of  a  pint  of  the  former  to  8^  dwt.  of  the  Utter. 

T/ie  Cabinet  Batltry* — A  little  more  than  a  year  ago  it  was  sug- 
gested to  the  Galvano-Faradic  Manufacturing  Company  the  possi- 
bility of  arranging  a  combination  of  sixty  or  more  Siemens- Halske 
elements  of  moderate  si^e,  in  such  a  way  that  all  the  cells  and  all  the 
connections  and  appliances  should  be  contained  in  a  small  movable 
desk  or  bureau.  The  suggestion  was  made  in  the  belief  that  all  the 
supposed  or  real  advantages  uf  the  combinations  of  large  cells  that 
are  usually  placed  in  cellars  or  basements,  and  connected  by  wires  with 

*  Some  cbunccs  have  bcrn  made  in  the  foriTi  of  this  tuttcry  since  the  lost  edition, 
but  the  (;cricral  [jrtncLplc:s  □(  its  conslriictlon  remain  ihe  unie. 
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the  operiting  room,  could  be  secured  at  far  less  trouble  by  a.  simple, 
convenient,  and  accessible  arrangement,  in  which  many  of  Che  diAicultiei 
cuuDCCled  with  removal,  cleaning  and  o*'eHiauIing  should  be  reduced 
to  a  minimum. 

In  the  roughest  possible  manner  a  general  plan  of  a  bureau  with 
drawers  and  cover  was  dran'n  and  ic  was  further  suggested  that  it  would 
be  well  to  have  a  current- selecter,  current- re verscr,  rhcosint,  and  gal- 
vanometer interposed  in  the  circuit,  and  that  the  appliances  should  all  be 
in  a  {rtanc  surface  at  llie  top;  and  tlial  the  drawers  cuntaining  the  cells 
thould  be  so  made  that  they  could  be  easily  taken  out  whenever  neces- 
sary to  inspect  and  replenish  the  batter)*.  We  thought  little  more  of 
the  matter  until  November  last,  when  the  Comiiany  called  our  altenlion 
10  the  fact  that  they  had  completed  a  battery  which  they  called  the 
Cabinet  battery,  and  which  is  represented  in  the  accompanying  cut. 


Kw-w. 


The  Cabinet  batlerj-  is  so  simple  that  a  very  brief  description  of  il 
will  be  sufficient.    The  Siemens- Hal ske  cell  i^  merely  a  modification  of 
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Daniell's  cell.  It  consists  of  a  small  cylinder  pf  glass,  aitachfd  ai  the 
t)ottom  to  a  cylinder  of  porcelain.  In  this  cylinder  is  placed  a  coil  of 
ribbon  of  copper,  and  a  little  water.  Outside  of  this  cylinder  is  a  cylin 
dcr  of  zinc,  and  the  space  between  it  and  the  outer  glass  jar  is  sawdasl 
on  the  top,  and  at  the  boltoni  powdered  papier. machS  packed  closely, 
and  wet  with  water  slightly  acidulated  with  sulphuric  acid.  The  object 
of  the  ^an-diist  and  papicr-machi  is  to  hold  the  tluid  and  avoid  spilling 
and  to  make  tlie  action  of  the  battery  gentle  and  iinirorni,  A  cork 
is  placed  in  \hc  cylinder  so  as  to  prevent  mingling  of  the  fluids  of  the 
outer  and  the  inner  cella. 

These  cells,  like  all  niodifications  of  Daniell's  cell,  arc  very  con- 
stant ;  that  is,  they  give  a  st^iuiy  and  uniform  current,  and  can  be  used 
for  a  long  time  without  recharging.  It  is  necessary,  now  and  then,  to 
drop  a  Uttle  water  into  the  inner  cylinder  to  make  up  for  the  los»  by 
evaporation,  and  to  put  in  a  few  pieces  of  sulphate  of  copixr ;  this, 
however,  can  be  very  easily  done  by  pulling  out  the  drawers  and 
removing  the  corks.  Each  cell  is  about  the  size  of  an  ordinary 
tumbler.     There  are  three  drawers,  each  containing  twcnt)-  cells. 

The  metallic  connections  of  the  cells  are  made  at  ihe  back  part  of 
the  drawer,  and  are  completed  when  the  drawer  is  well  pushed  in.  On 
the  top  of  the  bureau  are  the  currcnt-sclectcr,  by  which  one  cell  or 
sixty  cells  can  be  brought  into  the  circuit;  the  currcnt-revcrser ;  the 
short-coil  giilvanomctcr  for  indicating  the  presence  and  direction  of  the 
current  merely,  and  the  hydro-  or  water  rheostat,  for  gradually  increas- 
ing or  diminishing  the  strength  of  the  current 

The  water  rheostat  is  the  pcrfcclion  of  neatness  and  convenience, 
and  is  lUfTcrently  arranged  frotu  any  that  we  have  seen.  The  water  is 
contained  in  a  small  case  or  cop,  with  a  glass  top.  By  turning  a  small 
brass  disk,  connected  with  a  brass  lever,  a  small  or  large  area  of  the 
water  can  be  brought  into  the  circuit.  Beside  all  the  appliances  for 
the  galvanic  current,  this  Cabinet  battery  also  provides  xhc/aradie  cur- 
renL  Two  Lechanchfi  cells  in  ilic  upper  drawerare  connected  with  a  con- 
tinuous coil  and  incerruptcr,  on  the  right  hand  of  the  top  of  the  bureau. 
The  faradic  current  can  be  increased  or  diminished  by  pulling  out  or 
pushing  in  a  metallic  rod  in  front  of  the  tO[>  piece. 

Tlie  advantages  of  tliis  Cabinet  combination  arc  these  : — 

I.  //  is  very  easily  moved  and  maria^fd.     The  whole  Cabinet,  con- 
taining sixty  cells,  the  electrodes,  connections,  etc.,  for  both  currents, 
and  the  cover  to  place  over  the  top,  is  but  three  feet  high  and  scveiv 
teen  inches  broad.     It  is  placed  on  castors,  and  can  be  easily  mDve<! 
Om  one  ward  of  a  hospital  to  another  ward,  or  about  the  room,  by  oat 
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pmon,  as  easily  as  an  onlinary  centre-table.  The  combinations  of 
lHnidr&  cells  are  generally  placed  in  the  cellar,  and  the  apparatus 
lougbout  is  pomanent,  and  when  the  physician  wishes  to  move  his 
^office  the  labor  of  re^icltiiig  the  battery  i»  very  great  Tliis  conibitia- 
lion,  without  taking  out  the  drawers,  can  be  transported  bodily  from 
one  boose  to  anotI>er  as  easily  as  any  bureau  the  drawers  of  vhicb 
arc  filled  with  heavy  jjoods. 

Although  the  battery  will  probably  go  for  years  without  thorough 
orerhatiUng,  yet  occxsional  inspection  and  refilling  will  be  required, 
and  can  be  very  easily  perfornie<I. 

2.  //  grrfs  a  ccns/atf,  uiti/ifrm,  and  iteatt/  atrrtnt ;  and  is,  therf/ore, 
htttrr  ad,iftfd  far  tht  trtatmral  of  irritable  aiul  tensitivt  e^nditient  than 
the  smatl  cells  of  the  ardinary  pariiskU  butler  its. 

Tbta  advantage  it  shares  with  all  nnodiiications  of  Danieirs  bitter)', 
rxplanatioo  of  the  constancy  and  steodinirss  of  the  current  from 
combinations  of  Daaiell's  cells  Is  found  in  the  fact  that  on  ac- 
€0«at  of  the  fccblcne&t  of  the  solutiou,  and  the  interposition  of  (he 
potDits  cell,  the  chemical  action  is  »low  and  uniform,  with  no  inter- 
ruptions or  even  variations.  In  the  single  zinc-carfoon  cells  the  solution 
\h  very  strong,  and  the  chemical  action  very  vigorous ;  the  plates  are 
ipidly  polari/ed ;  the  density  of  the  solution,  and  with  it  tlie  inlL-r. 
nal  lestkCance  of  the  battery,  ts  continually  changing  as  a  result  of  the 
^V^Dions  chemical  action,  and  cxmsc<iuenlly  the  strength  of  the  current 
only  diminishes  after  a  protracted  use  of  the  battery,  but  i/  nirus 
frvm  mommi  to  Moment. 

l*he  potential  quantity  of  elcctricit)-  may  be  the  same  in  a  combina- 
ticm  of  single  lincorbon  cells,  as  in  a  combination  of  san'dust  Danicll's 
crlla,  and  may  even  be  far  greater ;  but  there  is  great  difference  io  the 
nqiidity  with  which  they  evolve  it.  For  short  work,  such  as  is  required 
in  powerful  electrolytic  operations,  tlic  single  zinc-carbon  cell  is  far 
i'lefctiWc  to  the  lUnicll,  for  the  reason  that  the  quantity  o(  electricity 
thai  it  generates  in  a  ••hort  ttmc,  say  half  an  hour,  is  very  much  greater 
than  a  sinular  number  of  Danicll's  cells  would  generate  in  the  same 
This  C^inet  battery  is  iliercforc  not  a  gooil  battery  for  clrc- 
and  we  ne\'er  attempt  to  use  it  in  any  iuiponani  electrolytic 
tioos.  In  experinicnting  witb  it  we  find  that  it  causes  but  a  very 
cebic  decomposition  of  iodide  of  potassium,  or  chloride  of  Mxliuni, 
It  could  not  indeed  be  othemise ;  in  electrolysis,  as  everywhere,  force 
answers  to  force  ;  the  amount  of  chemical  action  outside  of  the  cell — 
electrolysis — must  be  proportioned  to  the  amount  of  chemical  action 
modi  ot  Uie  cdL    la  the  Danicll's  cell  the  diemical  action  is  very  slow 
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and  feeble ;  hence,  the  clectrolynis  it  causes  is  slow  and  feeble,  but  it 
is  constant  and  steady  ;  it  docs  not  gi**e  out  so  iiiucli  electricity  in  an 
hour  as  the  single  tine-carbon  cell,  but  it  coniinucs  to  give  it  out  long 
■ficr  ihc  zinc-carbon  cell  is  exhauated. 

Two  men  have  each  a  thouiiiind  dollars ;  otic  5])cnds  recklessly,  rap-i 
idly,  and  cxiravagantly,  and  in  a  few  days  is  penniless :  tin-  other 
spends  regulaj-ly  and  slowly,  and  unifunnly,  one  dollar  each  day,  and 
makci  his  thousand  dollars  last  a  thousand  days.  The  single  zinccir- 
bon  cell  makes  an  extravagant  battery ;  but  in  elecirolysis  extravagance 
is  needed,  and  besides  the  solnlion  can  be  removed  from  llie  plates,  so 
that  no  action  can  take  place  when  the  battery  is  not  needed.  The 
Daniell's  cell  makes  an  economical  ballcry,  since  it  spends  slowly  and 
regidarly,  even  though  it  is  kept  constanlly  immersed.  Hence  its  ad- 
vantage in  the  treatment  of  the  neuralgic,  tiic  hysterical,  and  the  nerv- 
ously  exhausted,  who  in  some  cases,  at  least,  require  lo  be  treated  with 
feeble,  mild,  steady,  and  painiiss  currents.  The  current  from  these 
Danicll's  cells  is  less  painful  than  the  current  from  small  and  active 
cells,  for  the  reason  mainly  that  it  is  more  uniform. 

The  notion  entertained  by  some  that  these  large  double-cell  batter- 
ies send  a  larger  quantiiy  of  etectricit}'  through  the  body  than  small 
cells,  is  at  war  with  Ohm's  law,  and  has  no  foundation  iai  experience. 
The  resistance  of  the  body  is  so  great  in  comparison  with  the  internal 
resistance  of  the  batteries,  that  tc  makes  but  little  difference  in  regard 
to  the  quantity  of  electricity  that  tluwii  through  the  body  whetlicr  the 
cells  are  large  or  small.  As  a  matter  of  fact,  the  small  single  zinc-car- 
bon Cells,  or  even  the  ordinary  Siiiee's  cell,  give  larger  quantity  of  elec- 
tricity for  a  short  time  than  the  lat^e  Danietl's  cell.  (See  Electro* 
Pbj'sics,  pp.  66-84.) 

The  arrangement  in  Fig.  54,  is  very  light,  compact,  and  portable. 
The  cells  .ire  quite  small,  and  of  course  need  refilling  more  frequently 
than  larger  cells.  The  cord  spools  {S  S)  arc  convenient  contrivances 
for  winding  up  the  cords  when  not  iu  use. 

These  batteries  are  made  also  of  ten,  twenty-four,  and  forty  cells. 

The  combination  in  Jig.  55,  embraces  both  the  faradic  aud  the  gal- 
vanic currents,  sixty  zinc-copper  cells — and  a  rlieoslat.  The  same  coil 
that  furnishes  the  faradic  current  can  also  be  enclosed  in  the  circuit 
of  the  galvanic  current  so  as  to  form  a  rheostat.  Connected  with  the 
apparatus,  on  a  board  in  front  of  it,  is  a  ctuTent-reverser,  a  current* 
iulenupter,  and  a  galvanoscope. 

The  faradic  current  is  supplied  by  a  conrinuous  coil  with  many  wind* 
■ngs,  and  gives  a  very  pleasant  current. 
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These  baHcries  (Fig.  56,  p.  3i5)areoftweIve,  or  twcniy-four,  or  thirty- 
fix  Cfflls.  The  general  construclion  of  the  I.cclancli6  cell  has  already 
:eu  described  in  Electro-Physics. 

Curt  W.  Meyer  sUo  manufactures  a  combination  of  LccJanchi's  cells 
that  is  conveniently  portable,  and  ii  said  to  be  quite  enduring.  These 
■moll  Lechanche  cells  are  not  as  enduring  as  those  of  a  larger  size,  ind 
ivhen  frequently  used  must  be  frequently  clear.  1,  like  the  zinc-carbon 
bfttteries. 

Jtaines'  -Battery. — Prof.  George  W.  Raines,  of  Augusta,  Georgia,  has 
described  •  a  portable  jpilvanic  battery,  cc>mi»osed  of  strips  of  zinc  and 


FiO,  S4. 
Portable  gnlvank  tntteiy,  twraly  lioc-cflTbon  celt*  (Drncher). 

Jalinum,  united  by  copper  strips  in  the  shape  of  ihc  letter  V  inverted. 
Itese  xiiic  j.nd  platinum  strips  thus  united  are  passed  through  holes 
made  in  a  rubber  plate,  beneath  which  is  a  squate  trough  of  rubber,  di- 
fVided  into  forty-nine  compartments  or  cells.     These  cells  contain  the 
dA  solution,  which  can  be  raised  to  the  metallic  strips  so  as  to  Immerse 
The  whole  battery  is  about  the  weight  of  a  No.  4  faradic  ma< 
Ptiiine  of  the  Galvano-Faradic  Co.'s  niamifacturc. 

Galvartomtters  or  Galvanoseopes. — llic  general  principles  on  which 
Ivanometeni  are  consuucted  have  been  already  described  (Electro 
"^Physics,  p.  40). 

A  galvanometer  which,  by  Dr.  Rockwell's  suggestion,  was  made  by 
Messrs.  Chester  &  Co.,  is  represented  in  Fig.  58.  It  is  of  the  long-cotl 
variety,  and  is  provided  with  a  "  shunt,"  which  has  a  resistance  equiva- 
lent to  150  miles  of  telegraph  wire.    This  galvanometer  measures  witb 

"  Siitulifie  Amtriean,  SeptetnbcT  2S,  1873. 
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Fie.  5«. 


Portable  Beeti-LrchiuicW  Ulicry,  twenty  eclli  (Thooiw  Hall). 

eoiisidcrable  accuracy  Ihe  strength  of  ihe  galvanic  current,  since  ihed* 
flection  of  the  nee<3Ie  is  in  tolcmbly  exact  proportion  lo  the  number  of 
cells  introduc«l  into  the  circuit.  It  is  very  useful,  therefore,  in  compar- 
ing dift'crent  batteries,  or  the  same  battery  at  diffcrenl  (iines,  in  order  ta 
dcierpiine  how  much  iwwcr  it  has  losi.  When  a  thiriy-two-ccU  zinc- 
carlion  battery  U  in  perfect  order  it  will  dellect  the  needle  of  this  gal- 
ranoinetcr  froni  40°  upwards  ;  fifteen  cells  will  cati»c  a  deflection  of 
about  2o»  or  45".  The  deflection  of  the  latter  part,  when  a  large  num- 
ber of  cells  are  introduced,  is  not  exactly  proportional  as  in  the  first 
lart,  but  siirticiently  so  for  all  practical  uses. 

The  ordinary  "-^ort-coil  "  gaI\-anonietcr3  {galvHnoscopcs)are  so  deli- 
cate that  one  or  two  cells  send  the  needle  round  lo  90",  and  are  there- 
fore useful  only  to  determine  the  presence  and  direction  of  the  current 
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Rrcnoer's  Apponitas,  including  Stopper  Rlieustat,  Gnlvanoscope,  Faradic  Coil,  etc. 
(GalvanO'Fn.nKlic  M&nufncturing  Co.).  This  apparatus  nifty  be  connected  wiih 
tny  desnd  nombcr  of  large  cells  in  ihc  cellar. 

RheoHaies. — ^The  general  object  and  principle  of  the  rlieostat  has 
been  already  described  (Electro- Physics,  p.  42).  It  remains  here  to 
speak  of  those  forms  that  are  best  adapted  for  elcctro-lhctapcutic*: 


Galvauumetei  i»ed  by  llic  Authors.     (Chester  A  Co.) 

A  form  of  rheostat,  very  well  known  to  electro-physiologists  and 
elcctro^tberapeutists,  is  that  of  Siemens,  and  introduced  into  electro- 
therapeutics by  Brenner  in  his  rtsearclics  on  the  car.  The  unit  of 
Siemens  is  a  column  of  mercury,  one  metre  long,  with  a  transverse  sec- 
tion of  one  square  millimetre  at  32°  F.  The  rheostat  may  contain 
1,110  or  3,100  units.  The  metallic  blocks  or  pieces  on  llie  lop  are 
attached  to  insulated  coils  of  wire,  which  in  their  length  correspond  to 
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no.  JO. 

VitmrH^  SfvpftT'Rktintaf. — On  ihe  cifclc  B,  ihc  metallic  X\A%  uc  numbered  tj 
unili  fnini  o  10  10;  oq  Ibe  circle  C,  l>y  lens  from  o  to  100 ;  on  [En  drdc  D, 
by  hundrtds  Tron  o  \a  l.uoo.  Tw  avt  itic  thiru>Lal,  cunnect  tlw  wire  A  wicb 
one  of  Ibe  poluof  chc  biiitay,  uid  the  wire  £  with  one  of  tlie  cleclrDde* :  ia 
thh  vay  die  rciisiucct  of  Uic  riLcmUt  uc  iacludod  ia  the  circuit,  coiutituting 
wh&t  inc-illecl  a  " uttndary  tSjturt." 


the  numbers  i,  a,  3,  4,  s,  6,  7,  etc.,  10,  20,  30,  40,  50,  60,  etc,  100, 
200,  300,  400,  etc.,  mirltcd  over  thtm.  At  the  central  end  of  each  divU 
sion  of  ihe  siar-shapcd  tO|)-piece  there  is  a  hole  for  receiving  the  stop- 
tier.  When  all  the  stoppers  arc  inserted  in  the  division  marked  o, 
there  is  no  resistiince  in  the  rheo&tat,  and  the  current  goes  directly 
through  it,  and  not  at  all  through  the  body  of  the  patient,  for  the  rea- 
fon  iliac  metal  conducts  electricity  very  much  better  than  the  body,  and 
when  it  has  a  choice  i1  will  take  the  path  through  the  best  conductor. 

When  now,  ihc  stoppers  arc  inserted  so  that  some  of  the  coils  of  wire 
connected  with  the  divisions  of  the  top-piece,  say  those  marked  5,  50 
500,  are  brought  iuto  the  circuit,  the  current  will  have  to  overcome  not 
only  the  resistance  of  the  metallic  connections,  but  aUo  the  resistance 
of  550  Siemens'  units,  represented  by  corresponding  lengths  uf  copper 
wire,  and  by  preference  much  more  of  the  current  will  pass  through  the 
body.  If  all  the  resistances,  1,110  or  s.ioo  units,  are  interposed, 
mo&t  of  the  current  passes  through  the  body.  If  all  the  stoppers  are 
removed,  a  part  of  the  current  goes  through  the  rheostaL 

Rhtostat  0/  Mayer  (S**  ATc/^.— Mayer  &  Wolff,  of  Vienna,  have 
constructed  a  simple  form  of  rheostat — a  wooden  box  containing  coiU 
of  wire  corresponding  to  1,605  Siemens*  units. 

Hydrorheestat  {water  rheostat,  or  ii^uiit  rheostaf). — For  ail  the  prac 
tical  purposes  of  clcctro-thcrapcutics,  even  for  the  most  delicate  appli- 
cations to  the  most  delicate  organs,  as  tlie  ear,  eye,  etc.,  the  common 
water  rheostat— or,  as  it  Is  sometimes  called,  hydio-rheostat,  or  liquid 
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rheostat — is  sufficieolly  precise,  and  in  convcDience  is  iDC:ODi|>ar;ibl)r 

superior  to  the  stoi>pcr  rhcosCiites. 

The  water  rheostat,  rc[jrcsciited  in  the  cut,  is  simply  a  column  of 
water,  interposed  in  the  circuit,  and  so  arranged  that  the  distances  be- 
tween the  exlrcrniiies  of  the  metals  that  close  (he  circuit  through  the 
water  «an  be  iQCieMcd  or  dimioished  at  pleasure. 


Fig   (b. 
Hydro- RlieMtat  ^Cjalvano-Fuadic  ManufACturing  Co.]' 

rhe  precision  that  physiologists  and  physicians  obtain  by  the  use  of 
the  stopper  rheostat  is  more  apparent  than  real.  A  study  of  Ohm's 
law  will  show  that  the  quantity  of  electricity  that  flows  through  the  body 
in  any  electrical  application,  depends  not  alone  on  the  nature  of  the 
conducting  wire,  and  the  number  of  cells  employed,  but  also  on  the 
nature  of  the  electrodes,  the  quality  and  degree  of  moisture  in  lliem, 
the  auioiml  of  pressure  used,  their  distance  from  each  other,  and  the 
pan  of  the  body  that  is  treated.  Those  who  are  particular  to  state  the 
number  of  cells  employed,  and  the  number  of  units  interposed,  are 
therefore  much  less  precise  than  they  suppose  ;  for,  besides  all  the  qua. 
lifications  just  given,  the  strength  of  even  the  most  constant  cells  varies 
more  or  less  from  time  lo  lime  (see  chapter  on  Ohm's  1-aw,  pp.  66-84.) 
Keports,  therefore,  that  contain  in  full  detail  the  number  of  elcmcitts 
employed,  and  the  number  of  units  interposed  in  the  circuits,  are  appar- 
ently but  not  really  precise  ;  the  careful  physiological  researches  on  defi- 
nite and  very  limited  portions  of  tissue,  the  statement  of  the  Jcind  of  cell 
raiploycd,  and  tlie  number  of  them  and  the  number  uf  re&istauces  of 
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the  rheostat  ioterposed,  may  convey  an  approximate  idea  of  the 
strength  of  current,  anii  tlius  inay  be  of  service  tu  other  investigators, 
but  in  the  vecy  nature  of  ihings  tliey  caanot  be  accurate.  lo  the  ordi- 
nary  applications  of  clcctro-thcrapcucicK,  unless  it  be  lltaitcd  elcctroly' 
»h,  we  oftentimes  state  the  number  and  kind  of  celts  employed,  but 
always  with  the  implied  proviso  that  we  arc  suggesting  approxiaiate  and 
not  mathematical  tnith. 

So  far  aii  pniducing  delicate  tiludcs  and  grades  of  sensation  is  con- 
cerned, the  water  rheostat,  when  properly  constructed  and  adjusted,  is 
fully  as  trustworthy  as  the  stopper  rheostat,  and  far  more  convenient 
for  the  operAlor.  A  rheostat  of  some  forui,  though  not  indispeasable 
in  electrical  applications,  is  yet  a  great  convenience,  and,  especially  in 
central  galvanization  and  in  local  galvanization  of  the  nerve-centresi  a 
very  great  convetiictice.  In  ordinary  peripheral  applications,  unless  it 
be  to  very  sensitive  parts,  the  rheostat  is  not  required. 

EUdredes. — Of  the  many  varieties  of  electrodes,  we  shall  describe 
thoie  only  tlut  are  practically  useful. 


FWJ.  61. 

UoivcraJ  Handle  foi  Electrode*,  with  Intcmipter  (Calv«no-Fara<)ic  Mumtictniinf 

Co.). 


Fis.  «a. 


Univcrtkl  HaiidlMfor  EJectrodes,  with  Intcmiptcr — insaUtcd  (Galvano-FaradicUiii< 

ufacluiing  Co.). 


The  peculiarity  of  these  handles  (Fig.  63)  i»,  that  there  is  no  cstposcd 
Dielallic  surface,  the  connection  being  made  at  the  dosed  ends.  A  dis- 
advantage of  these  electrodes  is  that  they  can  be  used  only  with  one 
conducting  wire,  to  which  they  arc  pcnnanenlly  attached. 
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tto-  7a 
Beard's  Stationary  Electrode  (Gulrkno-Fanulic  Manniocturii^  Co.). 

This  can  be  screwed  to  the  edge  of  a  table.     The  s[>Dnge  at  ilie  top 
fitii  be  unscrewed  and  moi.'itciicd.      In  many  applicatiuns  to  the  ear 


Fin.  71. 
Adjustable  Electrode,  uith  Band— (Kidder). 

eye,  heat],  and  &Lce  this  is  a  most  convenient  electrode  for  the  hand  of 
the  patient  to  rest  upon. 
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These  adjuslabk-  electrodes,  which  are  made  of  several  differenl 
uzes,  have  long  been  lo  us  indisiwnsablc.  They  can  be  fistcncd  by 
means  or  a.  simple  cloth  band  to  any  part  of  the  body,  and  kept  there 
as  long  as  may  be  necessary. 

In  diseases  of  the  skin,  in  rlKuinatism,  in  sprains,  and  in  cuniurs,  and 
in  sM  cases  where  it  is  desired  to  kec^T  the  electrode  long  in  one  spot, 
they  are  most  convenient  A  second  advantage  which  tliey  have,  is, 
that  they  can  be  passed  easily  under  the  clothing,  thus  saving  nuich 
undMSsing  on  the  part  of  the  patient. 

These  adjustable  electrodes  can  be  covered  wth  a  sj>onge,  which  can 
be  sewed  through  the  hole  at  the  edge,  or  what  is  very  much  better, 
with  electrode  covers,  to  bL-  hereafter  described. 

We  use  these  adjustable  electrodes  in  cenlral  galvanization,  galvan- 
ization of  the  cervical  sympathetic,  and  brain  and  spine,  and  in  a  large 
variety  of  periphorixl  applications.  In  some  applications,  as  in  central 
galvani ration,  one  electrode  is  adjustable,  while  the  other  held  by  the 
patient  is  of  the  ordinary  form  with  a  hantlle.  Wc  do  not  mndi  use 
the  bands  that  accompany  them,  preferring  to  hold  the  electrode  in 
position  by  allowing  the  clothii^g  of  the  patient  lo  rest  against  it,  or 
having  the  patient  hold  it,  by  a  little  pressure. 

Ill  galvanization  of  the  syiupaihctic,  for  example,  the  adjustable  elec- 
trode can  be  easily  placed  under  the  collar  at  the  back  of  the  neck, 
and  kept  there  by  the  pressure  of  the  clothing. 


r....  r»- 
Bcfttd'a  Adjust a.)>)i;  KlectroH'C — smaJl 
sice — wiih  llannd  cover. 


Fig-  7j. 
Fluinel  Cover  for  AdjuisEnMc  Elec- 
trode— unaU  siic. 


These  flannel  covers  .ire  ])rovidcd  with  elastics  in  their  edges  so  that 
they  remain  in  position  when  put  on  the  electrode,  and  arc  easily  slipped 
off  and  on.  They  can  be  washed  like  towels,  and  the  expense  of  mak- 
ing them  is  so  slight,  that  a  las^a  number  ran  be  kept  constantly  on 
hand.  Another  advantage  of  these  flannel  covers  is  that  tlie  current  is 
more  painfully  felt  through  tiieni  than  through  sponges,  and  hence  there 
is,  while  using  them,  loss  liability  to  give  too  strong  currents.  Wc  have 
lor»g  been  accnsiomcd  to  use  these  covers  in  all  cenlral  applications  of 
the  galvanic  current. 
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rw.  74. 

ki^Dittble  Electrode,  wUTi  sponge  {Gtl- 
vuto-Kaiatlic  Manufacturing  Co.). 


OhloRg  Adjustable  Electrode  (Uftl 
vano-t'mra(licMiuiufiw:tuitngCi.i.). 


These  adjustable  electrodes  with  sponges  are  very  convenient  Tot 
application  lo  patients  confined  to  bed.  They  may  be  placed  imtlei 
the  patient  against  the  back,  or  on  the  abdomen,  or  on  any  part  of  the 
bodVi  without  seriously  disturbing  the  position  of  the  patient. 


I 


FlO.  It.  FlO.  TT-  Fw.  1*. 

letnllic  brush        The  mhic  with  bmnh  [m^lied  within  Spinal  Elecltode. 

(Kidder).  the  cyliniJer  for  proiection.         Gftlvano-FaraOlc  M'fi^  Co. 

A  currenhrroerser  with  flex'thh  eUetrades. — Cut  79  represents  a  cur- 
lent-reverser  recently  de\'i5e<l  and  perfpcted,  and  which  was  fii-st  con- 
Btructcd  by  Messrs.  Ileniann  &  Co.  It  is  now  also  uiade  by  the  Gal* 
vano-Faradic  Manufacturing  Co. 

It  differs  mainly  in  this  feature  from  other  devices  to  accomplish  the 
Mine  purposes,  vij. :  that  the  eurrtnt  is  reversed  by  simple  and  ftigM 
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pressure  of  the  thumb.,  without  the  iniervenlion  of  a  slide,  or  any 
plex  arrangement  whatsoever. 

The  letter  D  represents  the  button  of  the  spring,  by  pressing  which, 
the  current  is  intertupted  or  revcr-wid.  Pressing  it  lightly,  inttrrupti 
the  current ;  pressing  it  firmly,  rtvenes  it 


Beard's  CurTcAt-Revcrsrr,  with  flexible  cleeirod«. 


In  the  vertical  section  of  the  hard  rubber  handle,  A  A  is  represented 
as  s])ringing  ii|i  a>;aittst  the  nieiallic  plalc  on  ihc  tipper  and  inner  sur- 
face of  the  handle.  Pressing  this  slightly  down,  iiieialHc  connection  is 
broken  and  the  current  Is  interrupted;  pressing  it  firmly  down,  the 
connection  is  iiia*Je  and  ret'ersedzX  B  B,  the  metallic  plate  on  the  lower 
surface  of  the  handle. 

C  represents  the  wires  that  connect  with  the  battery,  enclosed  in  a 
rubber  tubing  E. 

F  and  G  are  flexible  wire  electrodes  armed  with  sponges  ;  they  can 
be  separated  several  inches  and  kept  there,  or  put  close  together  as 
repfeseiited  in  the  cut.  The  advantages  of  this  are  these  :^i.  in 
man/  of  the  applications  of  localized  electrization  this  neat  and  simj^le 
arrangGmcnl  saves  considerable  expenditure  of  muscle  on  the  part  of 
the  Operator.  One  hand  can  be  perfectly  free  white  the  other  holds' 
and  guides  the  electrode.  In  electrizing  the  muscles  of  the  hand  and 
ami,  and  of  the  (ace  especially,  it  is  fax  more  convenient  than  to  use 
separate  electrodes. 

2.  In  cases  of  paralysis  of  motion  and  of  sensation,  where  vpltaie 
cltematives  arc  sometimes  indicated,  tliis  is  the  easiest  conceivable 
iDclhod  of  reversing  the  current     We  find  the  arrangement  of  the  flcxi- 
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ble  electrodes  very  convenient  in  external  applicalions  to  tumors,,  rheu- 
nialic  Joints,  and  sprains. 

The  special  electrodes  that  arc  oeciied  for  local  applications  to  spe- 
cial jmrtB,  as  the  eye,  the  e.ir,  larynx,  ccsophagus,  rcclunij  vagina,  ule- 
rus,  bladder,  urethra,  and  so  forth,  will  be  described  in  the  chapters  de- 
voted to  the  electrical  treatment  of  these  organs.  VVc  pro[)ose  here  lo 
represent  and  describe  only  those  that  are  of  general  use  iii  all  the  or- 
dinar}'  applications,  both  of  general  and  localized  electrization. 

The  variety  of  shapes  and  tnodiiica lions  lliat  may  be  given  to  elec- 
trodes is  limited  only  by  llie  la*tc,  inclinations,  and  pecutiarities  of  the 
Operator.  In  describing  those  that  we  chiefly  use  and  recommend,  we 
do  not  desire  to  give  the  impression  that  we  regard  them  as  better  than 
have  been  or  maybe  devised  by  others;  but  simply  that  they  have 
satisfactorily  answered  our  purposes,  and  will,  wc  believe,  in  the  main 
be  iiatisfaclory  10  others. 

VnpoUtrizabU  EleitroJes.—  li  is  well  known  to  clectro-phyaologisls 
that  in  consequence  of  the  electrolytic  changes  that  take  place  during 
the  iMissage  of  a  current  from  the  electrodes  to  the  body,  a  change 
takes  place  at  the  surface  of  the  electrodes,  by  which  a  new  electrical 
action  is  set  up  that  to  a  certain  extent  interferes  with  the  main  current 
and  also  causes  pain.  Electrodes  thus  affected  arc  called  polarized. 
(See  Electro- Physics,  p.  31.) 

Dr.  H  itrig,*  of  Berlin,  has  devised  electrodes  in  which  this  secondary 
electrical  action  ai  the  surface  does  not  lake  place  j  to  these  he  has 
given  the  name  tinpolaritabU  electrodes.  These  are  made  unpolariza- 
blc  by  a  solution  of  sulphate  of  zinc.  By  the  courtesy  of  Dr.  Hitzig, 
we  were  enabled  to  tost  them  wliile  in  Berlin,  and  were  favorably 
impressed  with  their  action.  The  pain  produced  by  stable  galvanization, 
is  sometimes  very  disagreeable,  and  by  these  electrodes  it  w.as  certainty 
diminished.  They  can  be  u^ed  several  hours  without  exhibiiing  any 
polarization.  Tbe  subject  of  unpolarixable  electrodes  had  previously 
received  the  attention  of  Regnauld,  Mattcucci,  and  Dll  Kois-Reyinond. 

Ruhbtr  Cavtn  for  Conducting  Wires. — The  conducting  wires  coii* 
necting  the  electrodes  with  the  apparatus  are  covered  with  silk  ;  they 
may  be  still  further  insulated  by  flexible  rubber.  We  have  long  been 
accustomed  to  use  these  rubber  covers,  and  are  much  pleased  witli 
them.  If  the  rubber  is  properly  prepared  it  will  not  injure  the  silk 
covering  beneaUi  it.    Some  electro- therapeutists  have  rubber  coveringE 

*  Vd>ef  die  Anweixlung  un|Ki1»rWirl>arer  Electrodcn  in  der  Elcctrotbertpie.  Bcr 
jncf  Kliobcbc  WoclicDscbrift,  1867,  No.  S9, 


of  a  dificrtint  color  for  the  two  poles,  thus  affording  a  ready  means  erf 
distintpiishing  them. 

Can  of  Electrodes. — Eleciro<lherapeutics  U  a  scries  of  details ;  and 
aiuoDg  the  more  important  of  these  details  is  the  care  of  the  electrodes. 
The  chemicaJ  action,  even  of  the  secondary  coil  and  faradic  current,  is 
sufficient  to  corrode  any  metal  that  is  used,  except  platinum  ;  and  pUti- 
nuDi  electrodes  are  rarely,  if  ever,  used  except  in  electrolytic  operations. 
I'he  copper  plates  used  at  the  feet  in  general  faradization  become  more 
or  less  corroded  and  reijuire  occasional  cleaning,  in  order  to  keep  them  _ 
bright.  All  the  general  and  special  electrodes  of  all  kinds  require  oc- 
casional polistiing  with  sandpaper,  cii)oryi}a)>cr,  or  whtling.  It  is  an 
advantage  to  luvc  the  electrodes,  as  well  as  the  batteries,  nickclLtcd, 
so  as  to  reduce  corrosion  lo  a  minimum. 

'ITic  sponges  that  are  attached  to  the  electrodes  need  to  be  frequcnily 
washed  in  warm  water,  and  those  that  are  much  used  iihould  be  occa- 
sionally disinfected  with  chlorinated  solutions.  It  is  better,  iiowcver,  lo 
make  delicate  and  particular  patients,  especially  ladies,  supply  tlieir 
own  sponges.  But  a  physician  who  has  a  large  general  or  special 
practice  will  find  it  very  difficult,  if  nut  impossible,  to  kcc]>  a  large  as* 
hoitincnt  of  electrodes,  sponges,  and  electrode  covers  always  separate  ; 
and  hence  it  becon^cs  necessary  to  treat  many  of  the  patients  with  the 
same  electrode:.  To  meet  this  diffimiliy  we  devised  the  electrode  covers, 
eUewhere  desciibed.  Thesi;  can  Ik;  thrown  off  with  every  applicatioo 
and  wasticd  weekly,  like  towels.  The  expense  and  labor  of  making 
them  is  so  slight  that  some  electro-therapeutists,  after  using  them  a  few 
tiinefl,  cast  ihem  a^iide  cntirdy. 

Buropenn  Battir'us. — For  the  sake  of  our  European  readers,  we  give 
very  brief  descriptions  of  a  few  of  the  batteries  that  are  at  the  present 
date  most  used  by  European  electro-tlierapeu lists.  All  who  consult 
this  book — Americans  as  well  as  Europeans — may  find  it  of  interest  to 
compare  the  wcrkuninsliip  of  the  difTcrent  comitries.  A  fact  which  such 
a  comparison  constantly  suggests  is,  that  all  advanced  and  active  electro- 
logists  in  all  counltics  have  realized  the  same  difficulties  and  wants  of 
the  specialty,  and  have  sought  to  overcome  them  by  sinnlar  or  nearly 
similar  methods,  and  nearly  all  have  in  a  greater  or  lets  measuic  succeed- 
ed. On  the  whole,  witli  special  advantages  or  disadvantages  on  both 
sides,  the  American  batteries  for  the  farailic  current,  the  galvanic  cur- 
rent, and  for  the  galvano-cautcry,  are  superior  to  the  European.* 

'  For  the  cl«trotypa  of  the  cnit  dial  accuTopany  x\vsx  detotpUoos  of  the  Ei^bb 
apparatu  we  are  indebted  to  the  kindnc&soriV.Alclkaut.    TbsdocriptKnuvei 
denicd  from  the  lliird  edition  of  bU  treatise  on  Elecuidty. 
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This  is  enclosed  in  a  small  mahogany  box,  six  inches  high,  three  and 
a  half  inches  deep,  and  six  inches  wide.  It  is  run  by  a  zinc-carbon  cell. 
The  priniary  and  secondary  currents  are  obtained  without  shifting  the 
I<a3ition  of  llic  wires. 


Kic.  So. 
Meyer  oiiil  Mclixer's  Faradic  M&chLne. 


Stohrei^s  Faradic  Machine. — This  weli-known  separate-coil  machinCi 
which  b  run  by  a  rinc-carbon  cell,  is  widely  u«cd  in  Europe. 

Duehenne's  faraJU  apparatus  is  of  the  separate-coil  variety ;  it  it 
inferior  in  portability  and  convenience  to  many  other  European  as  well 
as  to  the  American  machines.     Ii  is  ntn  by  a  Bunaeii's  cell. 

Legendr^ s  Jaradic  apparatus  is  popular  in  France,  on  account  of  iU 
portability  and  cheapness. 

Gaiff^  t  Jaradk  apparatus  is  very  portable,  and  gives  a  fair  strength 
of  current.  He  has  made  two  forms  of  faradic  machines,  one  run  by 
■  chloride  of  silver  clement,  and  the  other  by  a  sulphate  of  oiercury 
clcmenu 
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Du  Boii'Reyinond' s  faradic  apparatus,  or  **  sledge,"  as  it  is  called,  it 
run  by  an  element  of  Grove  or  Bunsen.  It  is  provided  wilb  a  "gal- 
vanic kej"  for  cj[>L'nitig  and  closing  the  circuit  at  pleasure.  The  ma- 
chines of  Benedict  and  of  ^iemcns-Halske  are  modilicaiiutis  uf  that  of 
Du  BoisRc}iiiond, 

Ktuger  &  HIrscliinann,  of  Berlin,  have  con«ructed  a  good  faradic 
machine,  which  is  run  by  a  Lcchmchd  element.  It  is  arranged  for  slow 
or  rapid  intormpiions. 

Su  Tar  as  n-e  are  able  to  learn,  none  of  these  machines  have  any 
special  advantages  over  ihose  of  American  manufacture  previously 
described,  and  some  of  them  are  much  inferior  to  the  most  recent 
American  improvements. 

Stohrer*s  Zint-carbon  Galvanic  Batiery. — Dr.  Eniil  Stdhier,  of 
Dresden,  is  the  pioneer  in  the  art  of  making  convenient  and  tmstwortliy 
galvanic  apparatus  for  electro-therapeutists.  He  mokes  combinations 
of  2inc-carbun  ctUs,  Iwth  portable  and  non-portable.  He  was,  we  be- 
lieve, the  fu&t  to  devise  conveiuc^nt  and  simple  current-rev ersers  and 
curren I -sek titers.  These  batteries  have  the  diiadvantoge  of  all  zinc- 
carbuii  batteries,  that  the  carbons  are  friable.  1'hey  also  polarize 
rapidly,  though  not  so  rajjiclly  zs  Smcc's  cell,  and  if  the  plates  arc  kept 
long  in  the  solution  the  current  becomes  very  weak. 

FoveaH:i^i  battfry  {Pig.  81),  which  is  quite  portable,  consists  of  from 
twenty  to  fifty  small  Sniees  cells.  It  is  furnished  with  a  switch,  by 
which  any  desired  number  of  elements  can  be  brought  into  the  circuit. 
\\  is  provided  with  a  dial  or  current -sclecter,  for  bringing  any  number 
of  cells  into  the  circuit.  The  jars  arc  made  of  liard  rubber  or  porce- 
lain. The  tray  containing  the  Jars  is  lifted  and  let  down  at  pleasure. 
This  battery  is  much  used  in  England.  It  has,  however,  rhe  disad- 
vantage of  all  constructions  of  Siiice's  cells,  that  it  rapidly  polarizes 
anO  weakens.     We  prefer  simitar  conibiiiailons  of  zinc-carbon  cells. 

Befker-Muirhead  or  Siemens- Meidingcr  Stationary  Gahanic  Bat- 
tery.— This  battery,  which  is  highly  poi»ed  by  Althaus,  consists  of 
fifty  modified  Danicll's  cells.  No  acid  is  used  in  it,  but  only  water  for 
the  imc  surface  and  sulphate  of  copjwr  for  the  copper  surface.  The 
cells,  whirh  are  ciuite  large,  are  kept  down  cellar,  and  contained  in  two 
l)Oxes.  The  advantages  of  this  battery  are,  that  on  account  of  no  acid 
being  used  the  chemical  action  is  very  feeble,  and  polarization  is  re- 
duced to  a  niinipitim;  and  that,  like  the  Cabinet  battery,  on  account 
of  its  steadiness  of  action,  it  is  better  adapted  for  nervous  and  irritable 
patients  than  the  small  batteries. 


Foveatu's  Porlible  Galvanic  Baltery. 


Remains  S/a/ionary  Gahanic  Apparatut. — In  Gennany,  this  appa- 
ratus, composed  of  sixty  cells  of  Siemens- Halske  modiiicatluns  of 
DanicU's  baiiery,  is  much  used.  It  is  provided  with  a  galvanoscopc,  a 
curr«nt-selcctcr  and  a  currem-rcverser.    This  apparatus,  though  vcn 
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good  indeed,  would  appear  to  be  inferior  in  cunvcnicDce  to  the  Ameti 
can  Cabinet  battery,  previously  described. 


F  m.  Be 
Maya  &  Mcluer's  Portable  Galvuvo-FoniJic  A^iixtiiius. 


The  idea  of  coriibining  both  currenis  in  a  single  apparatus  seems  to 
have  occiined  altiiust  Hiimillancoiisly  to  the  (;1ectr«Iui;ists  ami  niecha* 
nicians  of  Europe  and  America.  The  practical  advantages  of  any 
conibiiialiun  that  lias  yet  been  offered  arc  nol^  {qx  partablt  use  at  least, 
so  great  as  was  expected.  1'hc  galvanic  current  wliich  they  give  is  apt 
to  be  too  Teclilc  for  all  occasions,  and  the  size  of  the  apparatus  is 
much  larger  than  is  needed  for  the  faradic  currcnl  alone. 

This  apparatus  of  Meyer  &  .Mcltzer  is  provided  with  a  galvano&cope, 
current-selecter  and  current -re  verscr.  It  is  so  arranged  that  the  first 
or  the  last  portion  of  the  cells  may  be  used  at  p]e.t»uie,  thus  avoiding 
the  disproportionate  use  uf  the  first  portion.  Zinc-carbon  cells  are 
used,  and  they  are  raised  and  depressed  as  in  the  American  zla& 
carbon  baneries. 


CHAPTER  DC 


LOCALIZED  E[.ECTRIZATION. 


%/ object  of  lotafiseJ  eleetrizttien  is  to  confine  fht  direct  action  oj 
the  current,  so  far  as  p^sstbie,  to  some  particular  part  of  the  body. 

This  is  aceomplished  by  pheing  electrodes  so  that  the  eurrenf,  in 
passitt^^  from  one  to  the  other,  shall  ehiefiv  traverse  only  thai  partieular 
part  that  is  la  be  affected. 

Both  currents  may  be  localized  in  this  way,  hence  the  division  of 
localized  elt^trization  into  localized  faradizatlou  and  localised  galvani- 
zatiun. 

The  Bcienlific  utte  either  of  localized  jialfanixatiffn  or  faradisation 
requires  as  accurate  as  possible  preUmtnary  diagnosis  of  the  diseaie. 

In  cases  of  doulit  ii  is  necessary  to  electrize  in  succession  all  Ihe 
5U5>))ccted  localities  until  the  results  of  treatment  show  conclusively 
that  we  have  hit  upon  the  seat  of  the  disease.  Accordingly,  in  obsti- 
nate or  doubtful  cases  the  head,  the  cervical  sympathetic,  and  the 
spine,  a]id  io  some  instances  the  uterus  or  org:uis  of  the  abdomen,  are 
to  be  successively  electrized. 

In  the  very  numerous  cases  of  doubt  also,  when  the  locality  of  the 
disease  cannot  be  ascertained,  as  well  as  in  conditions  of  irritation 
where  electrization  of  the  seat  of  the  disease  will  not  be  borne,  peri- 
pheral applications  alone  arc  frequently  of  decided  service.  For  peri- 
Ijheral  appliciaiions  both  the  galvanic  and  faradic  currents  are  used ; 
for  central  applications,  chtedy  the  galvanic.  In  some  diseases,  as,  for 
example,  locomotor  ataxia,  in  certain  stages  il  is  better  to  treat  the 
prominent  syniptonts,  as,  for  example,  the  an.-csthc8ia,  than  the  seat  of 
the  disease  in  Ihe  spine. 

InUrumenls  for  Localised  Electrisation. — In.  localiitcd  electrization 
the  same  galvanic  and  faradic  apparatus  are  used  as  in  general  electri- 
laiion.  For  localised  electrization  in  all  its  modifications  there  are 
needed  a  variety  of  elecuodes  of  different  shapes  aiid  sizes,  to  reach 
the  various  localities  and  acconipUsh  the  different  indications. 
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Of  tlie  electrodes  there  are  three  geoeml  forms :  tht  electrie  hand ; 
tk€  meiaUit  brush  /  solid  mefah  and  metals  ((mtrtd  with  sponge, 
fiantul,  linen,  or  chamois,  choroiighly  mnistcnctl. 

Dry  6r  Cutaneous  FaraJizaiion. — To  accomplish  diy  faradualion 
ibc  |>ortioi)  of  thu  skin  over  which  the  application  is  to  be  roatle  should 
be  wiped  thoroughly  dry,  or,  what  is  better  etil!,  s^winkled  with  some 
absurUiig  powder,  as  the  common  nursery  powder ;  and  tlic  applica- 
tion may  be  made  with  the  dry  h»nd  of  the  operator,  or  with  metallic 
electrodes. 

In  dry  firadizition  with  the  hand  there  is  heard  %  peculiar  crackling 
sound,  which  is  caused  by  the  sparks  that  lake  place  as  the  current 
passes  from  ditfereni  points  of  the  hand  to  the  skin. 

Wlicn  the  dry  hand  is  useil,  the  operator  passes  the  current  througli 
his  own  person,  one  of  the  electrodes  appHed  to  some  near  point  by 
an  assiatant.  or  held  m  the  hand  by  the  patient  himself.  Solid  metallic 
electrodes  of  various  shapes  may  be  used  for  dry  electrization. 

Dry  electrisation  by  the  metallic  brush  with  a  strong  cnrreni,  faradic 
or  galvanic,  is  a  very  painful  method  of  application,  and  is  to  be  re- 
sorted to  only  in  those  cases  where  there  Is  profound  aitaneous  anscs* 
ihcsia  or  in  neuralgia.  In  all  cases  where  there  is  great  sensitiveuess 
the  hand  is  to  be  preferred  to  any  form  of  artificial  electrodes. 

Sleetric  Mmco. — The  so-called  eUctrit  mvxa  is  produced  by  using  a 
loetallic  brw^h,  plate  or  point,  and  one  nioi&tencd  electrode.  'I'he  dry 
electrode  is  rapidly  touched  to  the  surface  where  the  moxa.  is  to  l>c 
made,  while  the  other  is  kept  firmly  applied  to  some  near  and  in- 
different point.  The  surface  of  the  skin  may  previously  be  rubbed 
very  dry,  or  sprinkled  with  some  absorbing  powder. 

The  operation  requires  a  current  of  some  strength,  and  is  exceed- 
ingly painful.  It  is  chiefly  employed  as  a  counter-irritant  in  neuralgia, 
in  which  atfection  it  is  frequently  successful.  The  electric  iiioxa  may 
also  be  produced  by  means  of  two  metallic  brushes,  one  of  whicli  is 
pressed  on  the  skin. 

EUttriiation  with  Moistened Electrodei. — When  it  is  desired  to  affect 
the  tissues  lying  beneath  the  ejiidcrmis,  it  is  better  to  use  electrodes 
covered  with  sponge,  chamois,  or  tlannel,  thoroughly  moistened  with 
salt  water  or  ordinary  water.* 

The  siee  and  shape  of  the  electrode  employed  must  be  modified  ac- 
cording to  the  situation  and  sensitiveness  of  the  part  where  the  current 

*  In  faradiution  we  never  or  but  rardy  uie  ult  la  the  water ;  io  galvsniialion 
It  b  sometitnes  %  grcit  aJvantiset  because  it  m&ket  the  current  more  pdinfnlly  felt, 
and  thus  prevents  the  u*e  of  too  &iidii£  cumaits. 
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is  to  be  localUed,  and  also  by  the  sensitiveness  of  the  patient.  As  • 
rule,  small,  finely-pointed  electrodes  are  required  for  locali/pd  faj-adi- 
Lzation  of  single  muscles,  larger  eleArodcs  for  large  [uui»ctes,  or  groups 
of  muscles,  and  those  with  the  largest  surface  for  galvanization,  of  thr 
sym|>athel)c,  brain  and  spine. 

When  tiic  current  is  localized  by  means  of  moistened  electrodes,  il 
diflfuscs  itself  through  the  body  between  the  electrodes  in  various  di- 
rections. The  extent  of  this  (lifliision  will  be  \'ariously  modilied  by  the 
situalion  of  the  electrodes  and  the  structure  and  relation  of  the  parts 
that  lie  between  them  (sec  Electro  Physiology).  It  is  manifest  aUu  that 
the  density  of  the  current,  oilier  conditions  being  the  same,  will  be  great* 
est  near  the  electrode  and  least  at  the  farthest  point  between  them.  The 
ttretti^th  of  the  current  bting  tht  utme^  itttall  tUctrodes  are  mare pcinjui 
than  those  with  a  broad  sur/aee,  and  metallie  more  than  the  wet  sponge 
orfiaHHti.  Tlie  least  painful  form  ofartiiicial  electrode  is  a  soft  sponge, 
with  a  broad  surface,  and  well  luoiiitened. 

Direct  and  Indireet  Electrisaiwn. — Two  general  methods  of  localized 
electrization  arc  recognized — the  direct  and  the  indirect.  In  direct  elec- 
trization the  application  is  made  over  the  muscle  to  be  excited.  In  in* 
direct  electrization  Utc  application  is  made  to  the  ncr»'c  which  supplies 
the  muscles.  In  the  former  method,  large  electrodes  are  preferred  ;  in 
the  lailer,  usually  ttiose  which  are  small  and  pointed.  The  faradic  cur- 
rent is  best  indicated  for  direct  electrization,  and  the  gaU-anic  for  indirect. 

The  points  where  the  motor  nerves  enter  the  muscles  arc  called 
"motor  points."  They  have  been  carefully  demonstrated  and  located 
by  Zicmsscn  and  ourselves. 

Definition  of  Terms. — tn  stable  applications  both  electrodes  ire  kept 
in  a  fixed  position. 

In  labile  applications  one  of  the  electrodes  is  moved  or  glided  over 
the  surface  ^  sometimes  both  of  the  electrodes  arc  moved  simultaneously. 

A  current  is  called  continuous  when  it  is  allowed  to  flow  in  one  direc- 
tion  without  interruption.  Only  the  galvanic  current  can  be  continuous, 
since  th«  faradic  is  always  in  a  condition  of  intermption. 

A  current  is  called  interrupted  when  it  is  broken  by  removing  one  of 
the  electrodes,  or  by  some  fonn  of  current -breaker  in  the  electrode,  or 
by  >ny  method  of  breaking  the  circuit.  The  faradic  current  is  always 
interrupted  by  its  rheotomc,  but  it  may  be  still  further  interrupted  by 
removing  one  of  the  electronics. 

A  current  is  called  uniform  when  it  remains  of  the  same  strength 
during  the  applications  of  the  electrodes. 

A  current  is  called  by  us  increasing^  when  its  strength  is  gradually 
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augmented  during  iSc  applications.  This  method  jwsscsscs  a  great  ad- 
vantage in  treating  conditions  of  irritation  and  inflammation.  It  may 
be  used  with  both  galvanization  and  faradization.  A  nmch  more  pow- 
crfiil  cnrrent  can  he  borne  when  its  strength  is  gradually  increased  than 
when  it  is  suddenly  let  on  in  full  foice  with  the  first  closure  of  the  cir- 
cuit, as  is  usually  the  custom  with  the  majority  of  electro- therapeutists. 
A  current  which  when  suddenly  closed  may  cause  unbearable  pain,  and, 
when  applied  near  the  nerve-centres,  may  induce  diz/incss  and  fainincss 
may  oftentimes  be  borne  without  discomfort  and  with  positive  advantage 
if  it  is  gradually  increased  from  a  very  mild  current  With  the  faradic 
current  a  mikl  anxsthesia  is  produced.* 

IiicteastDg  currents  are  indicated  iu  applications  to  the  brain,  sympa- 
thetic, spinal  cord,  the  eye  and  ear,  urethra,  inRaroed  joints,  and  to 
all  conditions  of  great  irrit.ation  in  any  part  of  tiic  body. 

The  faradic  current  (of  Kidder's  apparntus)  may  be  Increased  by 
slowly  withdrawing  the  metallic  «ibc.  To  gradually  increase  the  gal- 
vanic current,  a  rheostat  of  some  kind  is  needeil.  The  gaSvanic  current 
can  al5o  be  iucreased  by  an  arrangement  that  gradually  adds  to  the  num- 
ber of  elements  without  interrupting  the  current,  or  when  a  sponge 
electrode  i»  used,  by  slowly  increasing  the  prcs-sure. 

The  term  voltaic  alternatives  is  applied  to  those  applications  in 
which  the  direction  of  the  current  is  reversed  continually,  while  the 
electrodes  are  kept  firm.  The  cunenl-reverser  is  a  very  convenient 
instrument  for  producing  voltaic  alternatives  (see  p.  324). 

I'or  ckctriKation  of  muiicles,  labile  or  stable  interrupted  currents  are 
preferred.  Kor  eLectri nation  of  the  head,  spinal  cord,  sympathetic,  and 
nerve-tracts  and  plexuses,  stable  continuous  currents  are  indicated,  and 
these  again  may  be  either  uniform  or  increasing.  I.,ibile  or  stable  in- 
terrupted currents  are  best  adapted  to  produce  muscular  contractions, 
and  cause  most  potent  physical  and  mechanical  effects,  while  stable 
continuous  currents,  whether  uniform  or  increasing,  produce  the  strong- 
est  electrolytic  or  catalytic  action. 

In  cases  where  tlie  electro-muscular  contractility  is  not  greatly  di- 
minished, it  is  an  advantage  to  use  electrodes  with  a  broad  surface, 
since  thereby  several  motor  points  may  be  influenced  stmuhaneously, 
together  with  a  considerable  extent  of  mnscular  tissue,  and  because 
tliey  are  less  painful  than  stnall  electrodes.  In  such  cases  the  faradic 
current  is  preferable. 

When  the  electro-muscular  contractility  is  very  greatly  diminished,  as 

•  Sq  an  inicte  on  Faradic  Anitithcsia,  by  Dr.  A  Tripier,  of  Paris,  in  Archives  of 
Eleclrology  «ni  Neurology,  May,  1S74- 
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hi  rreqiicntly  hapjwixs  tn  paralysis,  contraclions  aj«  best  produceo  by 
stnaW,  finely  pointed  electrodes,  applied  at  thtr  motor  points  of  Ute  in- 
rlividua)  muscles;  yet  even  here  electrodes  of  moderate  size  are  usually 
^refemble.     Such  cases  often  require  tlie  galvanic  current. 

Dftaiis  of  Applieatwns  of  Lifcaiited  EUelrtzation. 

Galvaiiitafien  oflhe  Central  Neri'Cus  System.-—  It  is  necessary  to  beai 
in  niiml  ai  iIk-  outset,  that  to  produce  powerful  electrolytic  effects  on 
(he  brain,  spinal  cord,  and  sympathetic,  the  galvanic  current  is  prefer- 
able  lo  tlie  f;irailic,  although  the  faradic  current  certainly  alTccts  the 
nerve-centres. 

Gahan'ttaiion  of  the  Head. — Tlie  head  may  be  electrized  in  a  variety 
cf  ways,  according  to  the  supposed  seat  of  the  disease.  One  pole  may 
be  ]>laced  on  the  forehead  and  the  other  on  the  occiput ;  or  boili  poles 
may  be  placed  over  the  ears  or  on  the  mastoid  jtrocesscs.  Anolhet 
method  which  we  frcquendy  adopt  is  to  place  the  positive  pole  on  the 
summit,  over  the  supposed  organ  of  firmness,  and  the  other  at  the  oc- 
ciput, or  under  the  chin. 

To  affect  the  base  of  the  brain,  the  electrodes  may  be  placed  on  or 
behind  the  mastoid  processes.  To  confine  the  action  to  one  side  of 
the  brain,  one  electrode  may  be  placed  on  the  forehead,  over  the  eye, 
and  the  other  on  the  niasto'd  procesa  of  the  same  side.  The  patient 
may  hold  one  of  the  ]to1cs  in  the  hand.  Still  another  method  less  used 
is  to  place  an  electrode  on  each  templet 

l^ss  di2ziness  is  caused  if  the  current  is  opened  and  closed  with  tlic 
IKtsitive  than  with  the  negative  pole.  It  is  well,  therefore,  to  first  apply 
the  negative  pole. 

J,css  diziiness  is  c:insed  when  the  current  flows  through  one  side  of 
the  head,  or  from  the  forehead  to  the  occijiut,  than  when  it  is  sent  from 
one  side  to  the  other,  through  the  mastoid  processes  (see  Klectra- 
Physiolog)'.  p.  1 1 3). 

The  use  ef  some  kind  of  a  rheosiat,  so  as  Iff  atvid  interrupting  fhe  eur- 
rent  cr  ^ifi'tg  sudden  "  shacks"  on  elosing  and optmng^  is  almost indis- 
pt'nabie  iit  electrising  the  brain  and  neck.  With  regard  to  the  direction 
of  the  current,  il  is  usually  better  to  place  the  negative  pole  nearest  ibe 
neck,  and  the  positive  pole  nearest  the  forehead.  Dut  this  ndc  is  liable 
to  many  exceptions,  and  each  case  must  be  stutlied  by  itself.* 

Electrization  of  the  head  produces  flashes  of  light  through  irrilation 
of  retina,  and  dizziness,  which  with  many  is  disagreeable.     If  the  a^ 


*  See  remarks  nn  polar  efl«cti,  p.  102. 
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plication  is  too  long  continued,  hesdachc  and  tnson.nia,  and  general 
malahe,  mAy  result.  Patients  whom  a  short  application  through  ihr 
head  'henefits,  arc  sometimes  injured  when  the  stance  is  protracted. 
Oalvaniralion  of  the  head  should  be  made  wilh  broad  electrodes,  frith 
a  stable  current,  wbich  niav  be  either  uniform  or  increasing,  and  should 
not  exceed  from  one-half  a  minute  or  three-quarters  of  a  minute,  tc 
five  or  teu  minutes,  and  with  a  mild  current. 

To  all  these  tales  in  regard  to  the  strength  of  currents  there  arc  ex- 
ceptions. There  arc  cases  of  even  ver)'  delicate  patients  that  will  beat 
almost  any  amount  of  electricity  tlirough  the  head  and  neck. 

Gahanization  of  the  Cemical  SymfnUhetic. — The  porriun  of  the  sym- 
pathetic to  which  galvanization  is  chielly  directed  for  therapeutical  pur- 
poses is  the  cervical,  although  the  cephalic,  thoracic,  and  abdominal 
ganglia  are  unrjuestionably  affected  by  it,  though  not  with  so  specific, 
demonstrable,  and  immediate  results. 

There  are  a  number  of  methods  by  which  the  superior,  middle,  and 
inferior  cervical  ganglia  may  be  demonstrably  affected  by  ttie  galvanic 
current. 


Fia.  B> 
Golvanlzatton  of  ihe  Cervical  Sympathetic 


I.  One  electrode  with  an  oblong  extremity  is  placed  in  tne  auriciilo- 
masillary  fossa,  while  the  other  with  a  larger  snrfacc  is  applied  over, 
ur  by  the  side  of  the  sixtli  and  KeveoUi  cervical  vertebras  (see  K^.  95), 

The  second  electrode  n)ay  also  be  applied  at  any  point  along  the 
spine,  from  the  occiput  to  the  coccyx.  It  is  by  this  method  that  diplegic 
contractions  are  usually  produced  with  most  success. 
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a.  The  Bn>t  electrode  being  placed  as  before,  in  the  auriculo-niaxilUiy 
ifosM,  the  oiher,  with  a  surface  of  moderate  diameter,  is  applied  just 
above  the  manubrium  stcrni,  by  the  side  of  the  slemo-cleido-uiastoid 
muscle  (see  Fig.  96). 


Gmlvaniution  of  tlw  Ccrncal  Syrnpalbetu^  bduiUag  Use  Pneamofiultic 


The  second  electrode  may  also  be  applied  higher  up  in  the  neck,  op 
posite  the  middle  cervical  ganglion. 

The  above  are  tlie  two  mcthodE  which  have  been  most  frequently  ein- 
ployed.     Other  methods  are  the  followiog. 

3.  The  first  electrode  being  placed  as  before,  the  other  may  be  ap- 
plied on  the  shoulder,  ctbow,  or  in  the  hand  of  the  opposite  side,  or  in 
the  axilla. 

4.  Both  sides  may  be  galvanized  simultaneously,  by  placing  an  dec* 
30de  over  the  mastoid  processes. 

5.  One  electrode  is  placed  just  above  the  manubrium  stcrni,  and  tlia 
Other  at  any  point  down  lUc  spine. 

6.  One  electrode  is  placed  over  the  sixth  and  seventh  cervical  verte- 
brae, and  the  other  over  ihc  brachial  plexus,  at  the  pit  of  the  stomach, 
just  abo**e  the  manubrium  stemi,  in  cither  hand,  or  at  the  feeL 

In  all  these  methods  cither  direction  of  the  current  may  be  used,  ac- 
cording as  calming  or  irritating  eifects  are  desired  (see  p.  3S1). 

Concerning  the  physiological  elTects  of  galvanization  of  tlie  sympa- 
thctic  vc  Electro. Physiology,  p.  taS. 

Applications  to  the  ji>'mpathetic  should  be  made  from  one  to  ten 
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rauHltes,  and  wiili  from  6ve  to  twenty-five  cells.  Several  methods  may 
be  tried  at  a  single  sitting  in  C3.se?  where  the  applications  arc  n-ell 
borne. 

Bearing  in  mind  that  in  all  such  attempts  to  galvanize  the  cen'iciJ 
s>-nipathctic,  the  pneumogastric  and  »pine  initst  be  n>ore  or  less  indn- 
enced,  the  general  indicaiions  for  the  use  of  this  nictliod  of  trcatiucol 
to  which  experience  would  seem  to  point  are  these  : — 

z.  Cerebral  aiiaiinia  and  hypersinia.  Tliese  conditions  are  associated 
wttli  and  are  a  part  of  a  targe  variety  of  diseases.  Insomnia,  hemiplegia, 
tic  douloureux,  niaiiy  diseases  of  t!i.e  eye  and  e:ir,  as  neuro  retinitis  i>*^r- 
VouE  deafness  and  tinnitus  aurimn,  arc  all  more  or  less  associated  with 
cerebral  ;in;enii;i,  hyperasmia,  and  all  have  been  treated  by  galvanization 
of  the  cervical  sympathetic,  with  more  or  less  success. 

2.  Disorders  of  the  vasomotor  nerves.  Under  this  head  may  be  in- 
cluded some  ca^cb  of  deficient  circulation,  cutaneous  hypcra»thesia,  ami 
certain  dtseasies  of  the  skin. 

3.  Functional  diseast-s  of  the  digeslive  and  genital  apparatus.  Gal- 
vanization of  the  synipatliclic  in  these  conditions  secm»  to  work,  partly 
at  least,  by  reflex  action,  and  partly,  also,  by  the  in^uence  which  the 
spinal  cord  and  pnenmngaslric  receive  during  the  applicatinns. 

It  is  scarcely  necessary  to  remark  that  the  exelmire  use  <>/ga/i»a»i- 
tatioH  of  the  eervieal  sympatkeiie  is  indicattd  only  in  exceptienai  cases. 
It  is  to  be  employed  in  connection  or  alternaliou  with  general  firadiea- 
tion  and  galvanization  of  the  brain,  spinal  cord,  and  periphery.  A  note- 
worthy advantage  of  this  method  of  treaimcut  in  those  cases  for  wlijch 
it  is  of  service  is  the  comparatively  short  time  required  for  its  employ* 
ment. 

The  objection  that  galvanization  of  tlie  cervical  sympathetic  is  a 
dangerous  procedure  will  be  considered  in  the  ch-i-ptcr  on  central  gal- 
vanization. 

Galvantzation  0/ the  Spinr.-^Thc  spine  may  be  electrized  by  placing 
one  electrode  at  the  occiput,  and  the  Jlher  at  the  coccyx.  One  of  the 
electrodes  may  be  kept  in  situ,  while  the  other  is  slowly  passed  up  and 
down  ihe  entire  length  of  the  cord.  Eitlier  pole  may  be  passed  up  and 
down  in  this  way  according  to  the  cCfect  desired. 

The  current  may  also  be  localized  in  any  part  of  the  spine  that  may 
be  required,  by  giving  the  electrodes  the  proper  position.  The  appii- 
cations  may  be  made  with  ten  cells  and  upwards,  and  should  not  usually 
exceed  five  or  ten  minutes.  The  applications  should  be  sensitively 
felt,  like  a  gentle  mu^ilard  plaster,  but  should  not  be  excessively  poiii 
61I,  like  a  blister. 
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ria,  Bj. 

PanJtiadon  of  the  Ftaal  Nerve  and  ttfuiclei    Eytlid  firmly  closed  and  ni»<:th 
dnwn  to  ou  tada. 


HucaUr  FaiailtiatloB  witli  incollic  dectrode*  (D«cheflne)i 
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Fic.  tj. 

FandisBlioD  of  the  M  axla  of  the  Thigh,  oontrutloa  at  the  qnadricepb 


PtTadiuti&Ti  of  Poplileatl  Nerve  and  Peroneal  Muadea.     Pool  broagnt  npmrd  and 

oulvratd. 
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Etectrnatien  vj  PUxttses,  Nerves,  and  Muscles. — PlexuBCB,  nerves, 
aod  muscles  are  treated  by  both  currents  (see  chapter  on  differential 
indications  for  the  use  of  the  galvanic  and  Earadic  currents), 

One  electrode  may  be  applied  to  a  plexus  and  the  other  to  one  of  its 
branches,  or  to  a  nmsclc  or  group  of  muscles.  Both  electrodes  may  be 
appliud  to  tlie  nerve,  or  one  to  the  nerve  and  the  other  to  a  muscle ;  or 
both  may  be  applied  to  a  muscle  or  group  of  muscles.  All  these  appli- 
cations may  be  made  either  with  or  witliout  regard  to  the  direction  of 
the  current,  and  different  methods  may  be  tried  at  the  same  seance. 

]n  nil  the  positions  described  in  the  above  cuts,  contractions  should 
be  produced  with  mild  farailic  currents,  when  the  (Jectrodes  arc  in  the 
position  reijresented.  1/  very  strong  currents  are  necessary  or  no  eon- 
tractions  are  pessibhy  the  muscles  tire  in  a  condition  a/  disease. 

Peripheral  applications  are  indicated  'where  the  disease  is  purely  of  a 
peripheral  character;  the  partly  central  applications  are  indicated  where 
the  disease  is  of  a  central  origin. 

Labile  intemipied  applications  are  indicated  where  it  is  desired  to 
produce  mechanical  effects  or  musailar  contractions,  as  in  anxsthesia 
and  paralysis. 

Stable  continuous  applications  are  indicated  where  it  is  desired  to 
produce  eleclrotonic,  chemical,  or  catalytic  effects,  as  in  neuralgia. 

Bcncdlkt"  makes  the  followinj;  somewhat  ovcr-rcfincd  subdivisons 
of  the  inctliods  c^ galvanization  of  the  centre  and  periphery  : 

Spinal.ecrd  current :  both  poles  arc  placed  on  the  spine,  either  near 
together,  or  at  some  distance  from  each  other. 

Spinal-eord-rpot  current:  one  pole  is  placed  on  the  spine,  and  the 
other  is  passed  up  and  down  by  the  sides  of  the  vertebrae. 

Spinalcord-plexus  current:  one  pole  is  placed  on  the  spine,  and  the 
other  on  a  plexus  of  nerves. 

Spinal-eord-nerve  current :  one  pole  is  placed  on  the  spine,  and  the 
other  on  a  nerve. 

Spinaleordmustle current;  one  pole  is  placed  on  the  sjiine  and  the 
other  on  a  muscle. 

Plexus-nerve  current:  One  pole  is  placed  on  a  plexus  of  nerves  and 
the  other  on  a  nerve. 

Nerte-muscle  current :  one  pole  is  placed  on  a  nerve  and  the  other 
on  a  muscle. 

These  currents  may  be  either  st«^U  or  laiUe^  continuous  or  inter- 
rupted, uniform  or  inereasing. 


•  Op.  dt,  p.  5* 
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no.  It. 
Spinal  conl-bnchUl  plesoi  curmL 


Splaal-cord-medkn  nerve  curreat. 

The  method  of  electrizing  the  eye,  ear,  nose,  larynx,  oesopKaguj^ 
heart,  lungs,  slomach,  liver,  kidneys,  spleen,  intestines,  rectum,  bladder^' 
male  and  female  organs  of  generation,  will  be  described  in  the  chapterf 
.devoted  to  di^ases  of  these  organs. 

The  method  of  electrizing  individual  nerves  and  muscles  has  been  de- 
ibed  and  illusuated  io  the  chapter  on  electro-therapeutical  anatoniy. 


EFFECTS. 
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iij^tet  of  Current  modijied  by  the  Length  of  Application. — The  sensa- 
tions anil  the  cfTects  cf  clcctriLal  applications  are  considerably  inuiliriccl 
by  the  length  of  time  that  llie  electrodes  are  kept  in  positioa.  Wljen  die 
/artf*/;V  current  is  first  applied  to  the  skin,  it  causes  a  stinging,  pricking 
sensation,  perceptibly  strongest  at  the  negative  pole;  if  the  electrodes 
arc  kept  in  position  the  sensation  may  gradually  diminish,  and  the  parts 
will  become  verj-  slightly  benimibed,  and  if  now  the  strength  of  tlic  cur- 
rent be  groiiualfy  increased,  little  or  no  additional  pain  is  caused.  If 
the  current  is  at  first  very  strong,  it  cannot  be  borne  long  enough  to  pro- 
duce this  bcnuinUng  effect. 

When  the  gaivanie  current  \*  first  applied  to  the  skin  it  causes  no 
sensation  or  scarcely  any,  unless  it  be  very  strong  or  is  directed  over  or 
near  a  motor  nerve;  if  the  electrodes  are  kept  in  position  for  a  few 
seconds,  a  slight  burning  sensation  is  felt  at  both  poles,  but  strongest  at 
the  negative.  This  burning  sensation  increases  quite  rapidly  until  the 
sensation  it  causes  is  like  that  of  a  strong  mustard  plaster,  or  hot  iron,  and 
becomes  unendurable.  The  beuumbing  eifect  of  tlie  faradic  current  15 
not  experienced.  The  fact  that  the  galvanic  current  is  but  little  fell  at 
first,  leads  those  physicians  who  have  not  been  accustomed  to  it  to  use 
it  altogether  too  strong.  This  increase  of  the  pain  under  the  galvanic 
current  is  dne  to  two  causes — the  moistening  of  the  skin  through  the 
moisture  of  the  electrode,  so  that  it  becomes  a  belter  conductor  of  elec- 
tricity, and  the  special  chemical  action  of  the  poles  (see  Electro- Physi- 
ology, p.  181}.  I'his  incrcai^ed  conductivity  of  the  skia  is  the  partial  if 
not  complete  explanation  of  the  fact  that  the  muscles  contract  under  a 
feebler  current  after  the  electrodes  have  been  some  time  in  one  place.  It 
is  not  impossible,  however,  that  the  nerves  or  muscles  may  be  so  stimu- 
lated by  the  current  as  to  contract  more  readily  th;in  before  stimulation. 

The  reverse  proposition,  that  strung  currents  used  for  a  long  time 
enfeeble  the  nerves  and  muscles  so  that  they  respond  less  readily  to  the 
current,  is  certainly  true,  and  is  easy  of  demonstration,  especially  in  cases 
of  facial  paralysis.  For  this  reason,  prolonged  applications  frequently 
do  more  harm  than  good. 

Effeds  of  Locaiized  Electnzatisn. — T^ocalizcd  electrization  has  to  a 
liniited  extent  the  same  direct  effect  on  the  part  to  which  the  applica- 
tion is  made  that  general  electrization  has  on  the  whole  body.  It  acts 
as  a  locally  stiihulating  tonic. 

Improvement  in  Local  Nutrition  the  leading  effett  of  Localized  Mltc- 
trizaticn. — The  leading  and  general  cficct  of  localixcd  electrization,  and 
one  which  is  a  complex  result  of  the  various  special  effects,  is  improve 
nent  in  heal  nutrition. 


LOCALIZED  ELECTRIZAnoy 


Localized  electiuaiioo  of  ao  atrophied  or  poorljr  Doorished  nmcU 
causes  that  idukIc  to  imin'ovc  in  stxe  and  strength  ;  locailied  electruar 
tton  of  an  atro{>hie<i  or  poorly  DOtmshed  orgut,  as  the  oterus,  causes  il 
to  incrtatc  in  size  and  improve  in  funcdooal  acdvitjr. 

Localized  electrization  of  any  part  of  the  cercbro-spool  syvtan  ha- 
ixoves  the  nuuition  of  that  {>artf  and  as  a  result  the  whaie  bodjr,  over 
which  the  cerebro-spinal  system  presides,  may  ioifmive  in  oatritioii. 
Tbu&  localized  may  indircclly  have  some  of  the  same  effects  a»  gcncnl 
eleclrization.  Similarly,  also,  xs  we  descend  from  Ihc  centre  toward  the 
pcriph<r>-  electrisation  of  any  ncr*-e  branch  or  plexus  improves  the  nu- 
uition, not  only  of  the  nerve  acted  on,  bnl  also  of  its  various  branches, 
and  of  the  muscles  and  organs  that  it  supplies. 

When  the  nutrition  of  an  atrophied  part  is  improved  it  grows  larger ; 
vAten  the  nuuition  of  a  hypcrtrophicd  part  is  improved  il  grows  sautUer. 
The  same  treatn>eDt  that  makes  a  dabby  muscle  increase  in  size  causes 
a  goitre  to  diminish  in  siic.  These  opposite  effects  of  the  local  uiie  ol 
dcctricity,  though  apparently  inconsistent,  arc  yet  quite  consistent  (see 
Electro-Physiolc^,  p.  191  ;  and  Electro-Surgery,  chapter  on  Tuinoia). 

The  spatial  effects  of  localized,  aniilce  those  of  general  electrization, 
cannot  be  broadly  suted  or  classified,  for  the  obvious  reason  that  they 
must  so  largely  depend  on  the  localit)'  to  which  the  a[>plicauon  u  made. 

Although  applications  to  the  central  nervous  tiystcin  arc  sotnetitncs 
followed  by  mild  and  limited  degrees  of  the  primary,  secondary-,  and 
permanent  effects  that  result  from  general  faradization  or  central  gal- 
vanization ;  yet  the  cases  where  the  full  order  of  these  effects  is  so 
marked  and  decided  as  to  be  observed  arc  comparatively  unfrequenL 

Applications  to  the  brain  and  sympathetic  system  may  be  followed 
primarily  by  relief  of  pain,  slight  exhilaration,  a  feeling  of  warmth  or 
somnolence ;  secondarily  by  fatigue,  headache,  or  soreness  of  Uie 
muscles,  or  cxaceri>aiion  of  the  morbid  symptoms  ;  and  permanently  by 
improvement  in  sleep,  strength,  and  capacity  for  labor. 

But  this  ordo"  of  effects  from  lo*  Jizcd  electrization  is  exceptional,  even 
from  applications  made  to  the  head.  More  frequently  the  permanent 
effects  arc  experienced  without  the  primary,  or  jwrhaps  both  the  per- 
manent and  secondary,  and  sometimes  only  the  httlcr. 

Vet  none  of  these  constitutional  effects,  in  whatever  order  they  may 
occur,  are  experienced  to  the  extent  that  is  derived  from  general  fara- 
dization. 

Tlie  agreeable  symptoms  which  arc  most  frequently  observed  after 
localised  aijpltcations  to  the  nerve-centres  are  litsfosithn  io  sieep,  rtiuf 
'f  htitJueht  or  other  fain,  and  occasionally  slight  exhilaration. 
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Sometimes  ihc  beneficial  results  of  electrixation  of  paralyzed  munclca 
follow  immetliatcly  after  the  a|>plicaiion.  The  patient  is  conscimw  of 
an  ability  to  wsc  the  nuiscles  treated  with  greater  eise  and  freedom. 
This  iinprovcmeiit  may  be  merely  temporary,  or,  as  is  more  fruiiuenlly 
Ihc  case,  partial  relapses  occur,  leaving  a  certain  amount  of  perniaueat 
bcne6t.  Immediate  relief  of  neuritlgic  pain,  and  of  the  reverse  con- 
dition, anesthesia,  may  follow  localized  as  well  as  general  electrixation. 
pTTie  temporary  relief  of  the  neuralgia  may  be  complete,  while  that  of 
aniestheTiia  is  usually  only  partial  and  limited.  In  both  conditions  the 
evil  symptoms  may  recur,  or  a.  certain  amount  of  pemianeni  beneli* 
may  remain. 

Among  llie  disagreeable  symptoms  are  Jiisutess,  fuavinest^  oppres- 
sion, keiuiachty  soreness  in  the  musdes^  exkausfwn,  and  indejinabie  ner- 
vousnest. 

These  disagreeable  symptoms  are  most  likely  to  result  from  applica- 
tions that  have  been  either  too  severe  or  too  protracted  for  the  con- 
dition of  die  patient ;  and  yet  ihey  sIiuuUl  by  no  means  excite  alarm, 
iince  tlicy  often  accompany  the  most  successful  results.  These  ui»- 
plca-unt  symptoms  are  more  likely  lo  follow  the  use  of  the  galvanic 
cuireiit  than  the  faradic,  especially  when  the  applicitions  arc  protracted. 
The  o|>iiiion  that  has  been  expressed  by  certain  miters,  that  the  head  is 
more  likely  to  be  unpleasantly  affected  by  the  faradic:  thao  ihc  g.ih'anic 
current,  is  not  sustained  by  exiJcrience.  The  phenomeiia  of  di/Jiiness, 
heaviness,  etc,  frequently  experienced  after  even  a  very  short  applicv 
*tion  to  the  head,  are  but  rarely  observed  when  the  faradic  curreDt  of  a 
>nlinnoii»-coi]  ap[>aralus  is  employed,  with  a  large  soft  sponge,  or  tlie 
hand  of  the  operator. 

A)}plicniions  of  localized  electrization  to  individual  mtiscles  or  groups 
of  muscles  rarely  give  rise  lo  any  constitutional  syni]itomH  whatever, 
unless  the  electrodes  are  placed  on  or  near  the  head. 

The  special  effects  of  localiicd  electrisation  of  special  organs,  as  tlte 
eye,  ear,  Lirynx,  stomach,  liver,  intestines,  uterus,  ovaries,  bhidder,  etc., 
will  be  described  in  the  chapters  devoted  lo  the  treatment,  of  the  disease* 
of  these  organs. 

Absoiuie  Laeaiitathn  of  EUetrUUy  impossihU. — It  should  be  con- 
sidered that  exclusive  ami  ahsotuic  localizaiian  of  the  effects  ef  tieelriza- 
Hon  is  impcssibU,  The  effects  of  both  currents  extend,  either  directly 
or  by  reflex  action,  to  parts  beyond  the  circuit.  This  is  demonstrated,  not 
only  by  physiological  experiments,  but  by  the  observed  facts  of  clinical 
experience.  Thus  it  is  observed,  in  some  irritable  conditions,  that 
galvanization  of  the  spine,  and  even  of  the  extremities,  causes  a  metallic 
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taste  ;  that  galvanization  even  of  the  hands  or  feet  sometimes  hastens 
or  increases  the  menslnial  discharge,  relieves  headache,  and  produco 
sleep.  The  same  effects  to  a  less  degree  arc  somcttmL-s  oljscrvcd  from 
faradization. 

Some  of  the  illustrations  of  this  fact  are  quite  strikinp.  Thus  in  the 
cascof  Jhc  wiicofa  physician  whom  vre  were  trcaliiiy  by  faradisation  of 
the  shoulder  for  rheumatism,  the  menstrual  flow  was  so  much  increased 
and  prolonged  that  it  was  necessarj-  to  abandon  the  treatment,  although 
only  very  mild  currents  and  short  apiilications  were  used. 

In  the  case  of  a  lady  whom  we  were  treating  for  sciatica,  by  localized 
galvanization  of  the  painful  portion  of  tlie  nerve,  the  pain  was  de- 
cidedly relieved,  but  the  effect  was  to  bring  on  a  lecurrence  of  the 
menses  after  they  were  suspended,  so  that  the  patient  was  nearly  all 
the  time  menstruating. 

These  illustrations  are  extreme  and  comparatively  rare,  but  they 
serve  to  show  clearly  enough  that  the  cttccts  of  clectrizatiun  cannot 
well  be  localised  to  the  points  between  the  electrodes,  and  that  other 
and  distant  parts  must,  of  necessity,  be  more  or  less  ^ected. 

The  term  /ocd/zft*/ electrization,  introduced  by  Diichcnnc,  is  therefore, 
strictly  speaking,  a  misnomer,  since  we  are  taught  by  physics  that  the 
vibrations  of  the  electrical  force  must  diffuse  themselves  in  various  direc- 
tions, and  at  a  considerable  distance  from  the  electrodes,  and  wc  arc 
taught  by  clinical  experience  that  the  effects  of  electrization,  however 
near  together  the  electrodes  may  be  placed,  are  not  entirely  confined 
to  the  points  between  or  near  the  electrodes,  but  may  be  felt,  aod  in 
some  instances  far  more  demonstrably.  In  distant  parts  and  organs. 

To  the  use  of  liie  term  localixed  electrization,  there  is  no  objection, 
provided  it  be  used  understand ingiy,  and  with  the  idea  tliat  it  is  merely 
a  term  of  convenience.  The  term  local  electrization  is  often  used 
synonymously  with  localised  electiizatiou,  and  for  the  reasons  here 
suggested  is  preferable  to  it.  I^ocalizcd  electrization  has  the  advantage 
of  being  first  in  the  field,  and  has  become,  to  a  certain  extent,  con- 
secrated by  u^fige. 


CHAPTER  X. 


eSVERAL  FARADUATION. 


77u  object  proposed  in  general  faradizatian  is  to  bring  every  portieti 
yf  the  body  under  the  infiuente  of  the  faradie  current,  so  far  as  is  pos- 
sible, by  external  applications.  This  is  best  accomplished  by  placing 
one  pole  {usually  the  negative)  itt  the  feet  or  the  eaceyx,  while  the  other 
it  applied  over  the  surface  of  the  body. 

The  faradic  is  the  current  which  is  almost  exclusively  employed  in 
general  eluctrizatiun,  and,  for  that  reason,  the  directions  and  explana- 
tions given  in  this  section,  with  the  exceptions  that  will  be  noted,  apply 
mainly  and  specially  to  general  faradization.  Since  tlie  discovery  of 
central  galvanization,  to  be  hereafter  described,  we  nwc  discarded  the 
term  general  eleetrication^  and  substituted  general /?r<i<yiiti/w«,  for  the 
reason  that  the  galvanic  currenl  is  preferably  used  in  the  form  of  cen- 
tral galvanization. 

In  the  inajonly  of  cases  it  is  more  convenient  and  satisfactorj-  to 
have  a  sheet  of  copper  at  the  feet.  This  position  is  indeed  the  rule  in 
general  faradization.  The  broad,  callous  soles  of  the  feet  are  but 
slightly  sensitive,  and  will  bear  a  stronger  current  than  any  other  per. 
tion  of  the  surface  of  the  body.  But  the  passage  of  electricity  through 
the  ankles  causes  vigorous  contraciions  of  the  flexors  and  extensors, 
which,  when  the  current  is  very  strong,  may  be  somewhat  painful.  Ac- 
cordingly, when  the  patient  is  peculiarly  nervous  and  sensitive,  or  when 
X  current  of  unusual  strength  is  to  be  employed,  and  in  all  cases  where 
a  stronger  application  is  desired  than  can  be  borne  through  the  ankles, 
or  when  it  is  desired  to  save  time  or  inconvenience,  it  is  advisable  to 
have  the  patient  sit  od  the  plate,  or  a  sponge  electrode  with  a  broad 
surface  may  be  applied  to  the  coccyx. 

In  general  faradisation,  as  in  localized,  the  currents  may  be  stable 
(stationary)  or  labile  (moving),  unifornfot  increasing. 

Increasing  currents  are  adapted  for  certain  important  centies,  as  the 
head,  spine,  cervical  S)-mpathettc,  and  ciUo>spinaI  and  epigastric  regions. 
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The  advantage  of  this  metliod  of  application  ts  that  it  allovrs  (he  use  of 
a  stronger  current  than  will  otherwise  be  borne ;  the  strength  of  (he 
current  may  be  so  very  gradually  increased  that  the  increase  within 
certain  limits  may  be  almost  imperceptible  to  the  patient  This  arises 
partly  from  the  fact  that  Ihe  current  has  a  slight  benumbing  or  anaesthetic 
effect  (sec  Ek-ctro- Physiology,  p.  Ill),  and  partly  from  the  fact  that  by 
a  gradual  increase  of  the  strength  of  the  current  (he  patient  is  si>ared 
the  shuck  that  is  exp{.TiL-nced  when  a  strong  ciurent  ts  suddenly  directed 
through  sensitive  portions  of  the  body. 

Zaiiifand  inUrrufUd iMztcnis  arc  adapted  for  the  muscles,  especially 
of  ihe  extremities. 

General  /aradisafion  is  vcrj*  far  from  being  so  easy  a  process  as  it 
might  appear  from  this  brief  description.  Its  successful  cmploytncnt 
requires,  on  the  part  of  the  operator,  some  mechanical  dexterity,  entire 
familiarity  with  the  instruments  required,  a  complete  knowledge  of 
electro-therapeutical  anatomy ;  a  personal  acquaintance  with  the  sen- 
sations and  behavior  of  alt  portions  of  the  body  under  the  different 
electric  currents  ;  close  and  patient  study  of  the  diseases  and  morbid 
conditions  in  which  it  is  indicated,  and  of  their  response  to  faradization. 
There  are  those  who  by  long  practice  are  enabled,  when  necessary,  to 
readily  manipulate  any  ponion  of  the  body  with  cither  hand,  while  there 
is  passing  through  (hem  a  current  so  pon-erful  as  to  keep  many  of  the 
principal  muscles  of  the  arras  in  a  state  of  contraction.  This  qualifica- 
tion, however,  Uiough  convenieut,  is  not  indi^pensabte. 

Oil  the  side  of  Ihe  patient,  success  in  the  use  of  general  faradiza- 
tion reiiuires  something  of  the  same  patience  and  perscrerance  that 
are  conceded  to  be  necessary  for  success  in  the  use  of  any  other  form 
of  electrical  treatment. 

Nothing  is  more  difficult  than  to  fully  and  accurately  describe  in 
words  an  operation  that  in  its  very  natute  demands  actual  sight  and 
experience.  The  true  method  of  icaniing  the  art  of  general  faradiza* 
tion  is  by  repeated  observations  of  its  application  to  the  A'rm^  subject, 
by  personal  experience  of  its  sensations  and  results  at  the  hands  of 
practised  adepts,  and  by  long  and  various  experimenting  on  diverse 
temperament,  and  in  opposite  states  of  disease.  We  shall  endeavor^ 
however,  Co  present  the  best  possible  substitute  for  a  course  of  private 
liissoiis  or  extended  clitncu.1  observation  in  this  department,  by  answer- 
ing in  detail  the  practical  questions  that  naturally  pre^nt  tlieniftelvei 
to  one  who  approaches  the  subject  ab  initio,  and  who  has  no  oppor- 
tunity for  personal  interviews  with  those  to  whom  the  various  steps  of 
the  operation  ha\e  become  already  familiar. 
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Fn.9>- 

CtXEtAL  Faxadoatiox — apfJlcatloa  to  the  head  by  the  hu«!  or  the  openitw. 
{la  ihit,  u  in  mil  of  tlie  cutt  of  Ecncral  foncliution.  for  cuuvenience  of  Uliutn- 
lloa  ibfl  patiant  u  Tqircs«tii«]  without  anjr  coverioe.  In  the  nujoriiy  of  cam 
ihejr  are  protected  by  a  th^wl  or  irnjiper,  and  Erequeatljr  llie  underclothiag  li 
■At  rattOTeo* 


Pfiiiti^n  9/  th<  Patunt. — The  patient  should  be  seited  on  an  m- 
dinarjr  stool,  Mritli  hi«  Tace  toward  the  instrument,  and  his  Tect  on  the 
•beet  of  copper  to  which  the  negative  pole  is  attached.  Any  chair  ihnt 
be*  a  back  or  artn-i  will  somewhat  interiere  with  the  manipulations  of 
the  operator. 

Those  piUients  who,  through  pnralyw's  or  debility,  are  iinaUe  to  sti 
np  aX  all,  can  receive  tlic  treatment  while  lyin^  in  bed  or  oa  a  lounge. 
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In  such  cases  the  sheet  of  copper  may  be  placed  upright  agunst  a 
pillow,  and  Ihc  feel  of  ihe  patient  pressed  against  it,  or  an  electrode 
may  be  placed  at  the  coccyx.  Assistance  will  then  be  required  to  turn 
the  paticDt  wbeu  the  applicatioa  is  made  to  the  back  and  spine,  but  in 
»uch  cases  partial  applications  arc  frequently  all  that  are  required. 

Infants  and  very  f<;;ble  or  very  timid  children  should  be  held  in  the 
lap  of  the  mother  or  nurse,  while  an  assistant  holds  Uie  sponge  to  tlie 
coccyx. 

While  the  application  is  being  made  to  Ilic  lower  limbs  it  is  well  for 
the  patient  lo  stand,  in  order  that  the  operator  may  have  access  to  the 
gluteal  regions  and  the  posterior  and  anterior  nurfacc  of  the  thigh. 

Position  cf  ikc  Operator. — While  making  applications  to  the  trunk, 
the  operator  may  either  stand  or  sit  by  the  side  of  the  patient,  conve- 
niently near  to  the  tahic,  on  which  arc  placed  the  apparatus,  electrodes, 
sponges,  howl  of  water,  and  other  appliances  that  may  be  called  for 
during  the  a]>plicatioa. 

While  operating  on  patients  taller  than  himself  the  operator  m-ill  find 
it  easier  to  stand,  especially  while  treating  the  head  and  upper  portion 
of  the  trunk.  While  treating  short  patient-s  the  operator  will  find  it 
less  fatiguing  to  sit  in  a  chair.  Most  operators  will  find  it  very  conve- 
nient to  cliange  their  position  from  a  sitting  to  a  standing  posture,  or 
from  one  side  of  the  patient  to  the  other,  while  making  the  applications 
lo  tlie  various  parts  of  the  trunk. 

Minor  Apparatus. — Electrodes,  sponges,  and  copper  plate. 

The  best  electrode  for  the  pole  that  is  applied  over  the  patient  is  a 
brass  ball  of  abont  one  inch  in  diameter. 

Around  this  brass  ball  should  be  loosely  folded  a  soft  wet  sponge, 
of  about  six  inches  in  diameter.  This  is  found,  by  experience,  to  be 
by  far  the  most  convenient  form  of  artificial  electrode  that  can  be 
devised.  Next  to  the  moistened  hand  of  the  operator  it  is  the  most 
agreeable  to  the  patient  of  any  shape  or  quality  of  electrode.  The 
sponge  can  be  pressed  or  folded  over  the  brass  ball  so  as  to  make  tk 
r.omparaiivcly  small  electrode,  or  its  entire  surface  may  be  apjilicd. 

When  the  operator  allows  the  current  to  pass  throtigh  his  own 
person,  and  uses  his  hand  as  an  electrode,  holding  tlie  sponge  and  bail 
in  his  other  hand,  he  can  modify  the  application  to  any  degree  of 
strength  or  mildness  that  he  may  desire,  by  simply  increasing  or  di- 
mini.'ihing  the  pressure  of  his  hand  or  fingers  on  the  sponge.  Used  in 
this  way  the  sponge  holding  the  water  acts  like  a  hydro-rheostat  (see 
p.  319).  ^Vhe^  it  is  necessary  that  the  application  should  be  particularly 
gentle  and  cautious,  it  is  well  to  rest  t  e  ball  and  sponge  on  the  table, 
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Tto.  V 

■KNRftAl.  FARA.DIZATIOK — application  to  the  spine.  Tlic  Icind  of  tTie  operalOl 
h  on  the  mvlallic  tube,  in  n  pQinlion  to  incrcate  or  diminuh  ttie  current  u  may  be 
iM«(l«d. 


and  to  begin  the  treatment  by  first  presMng  one  hand  firmly  over  the 
part  desired  lo  be  affected,  and  with  the  other  lightly  and  delicately 
tondiing  the  sponge,  at  firsi  wiiU  one  finger,  then  with  two,  three,  and 
lour  successively,  and  finally  with  the  whole  hand,  thus  giving  a  very 
gradually  inereasins  current.  Brines'  electrode,  which  is  a  sponge 
covered  at  the  back  with  rubber,  Is  very  convenienc  for  general  fara- 
dufttion. 

A  piece  of  copper  plate  is  rcr.ommendcd  for  the  negative  electrod*^ 
tliecaiise  tt  is  found  bj  experience  to  be,  on  the  whole,  tnore  coDve- 
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meat  than  any  othtrr  aiTang<?meiit  that  has  yet  been  suggested.  The 
bowls  of  warn)  water,  targe  sponges,  etc-,  that  have  been  suggested, 
are  not  only  much  less  cleanly  and  convenient  than  the  copper  plate, 
but  arc  also  mucK  poorer  conductors.  Metallic  slippers  are  more 
troublesome  than  Uie  broad  plate,  tliuugh  tlieir  appearance,  perhaps, 
i&  more  omanieiitoL  It  needs  more  care  to  put  on  the  slippers,  ant] 
if  tlie  patient  loses  hU  self-control  during  any  stage  of  the  application, 
and  throws  up  his  feet,  it  i^i  bomcthtag  of  a  task  lo  &od  the  slippen 
again  and  accurately  adjust  them. 

In  the  use  of  the  copper  plate  these  details  must  not  be  foTgotten : 
FirUf  [o  keep  it  well  warmed,  in  cold  weather,  by  a  piece  of  healed 
soapslonc  beneath  il ;  setandly^  to  keep  it  slightly  oiolslened  with 
vrarui  water,  in  order  Lo  improve  the  connection. 

If  only  one  foot  is  applied  to  the  copper  plate,  the  pain  in  the  aoklci 
during  certain  stages  of  strong  applications,  will  be  uncndumblc.  In 
mild  applications  it  is  sufficient  to  have  one  foot  on  the  plate.  It  is 
necessary  ever  to  bear  in  mind  the  rule,  that  the  pain  of  electrical 
applications,  other  conditions  being  equal,  is  in  inverse  proportion  to 
the  surface  of  the  electrode.  The  larger  the  surface  of  the  electrode — 
whctlier  positive  or  negative — llie  lesa  the  pain.  In  this  fact  consists 
the  advantage  of  using  large  sponges. 

In  general  faradisation  the  pain  at  the  negative  pole  is  chiefly  felt  at 
the  ankles,  and  somewhat  at  the  toes,  but  not  on  the  bottom  of  the 
feet.  The  feeling  of  constriction  in  the  ankles  is  catised  by  the  rapid 
and  violent  contractions  of  the  niusdcs.  If  only  one  foot  is  a[>plicd  to 
the  plate  the  entire  force  of  the  current  must,  of  course,  be  borne  by 
that  foot,  and  furthermore,  the  other  Umb  will  receive  no  direct  benefit 
from  the  treatment. 

The  trouble  of  removing  the  shoes  and  stockings  may  be  obviated  by 
placing  a  large  sponge  connected  with  tJic  negative  pole  at  the  coccyx^ 
or  on  the  thighs. 

Facility,  skill,  and  readiness  in  use  o/the  various  methods  0/  modi- 
/jfinS  ^^'  strength  and  quality  o/jhe  current  is  one  very  important  secret 
of  success  in  the  use  0/  genet  al  faradiioiton.  A  skiljttl  operator  will 
cause  less  discomfort  xulth  a  strong  ciitrent  than  one  who  is  awkward 
v/U  cause  with  a  very  weak  current. 

Details  of  the  Applications  to  the  Different  Parts  of  the  £ady.—A& 
the  various  parts  and  organs  of  the  body  differ  very  widely  in  their  sus- 
ceptibility to  faradization,  and  in  the  effects  wluch  they  receive  from  it, 
it  becomes  necessary  to  explain  the  modus  operandi  of  the  applications 
mth  considerable  fulness  of  dctaiL 
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Appticali  mi  to  the  Head. — The  head,  especially"  the  forehead,!*,  by 
far,  more  sensitive  lo  the  electric  currents  than  any  other  portion  of  the 
surface  of  \\\c  body.  The  /R<o  reaitons  for  thi»  are  sufficiently  obvious. 
The  surfaces  of  bones  are  always  sensitive  to  l^cfaraHic  current,  as  to 
any  other  mechanical  influence  ;  and  the  cranium  is  no  exception  to 
this  law.  Then,  again,  the  fifth  pair  is  an  exceeihngly  sensitive  nerve 
io  all  its  raniifications,  and  especially  over  the  forehead. 

There  :ire  many  cases  that  do  not  bear  even  mild  applications  to  the 
front  and  top  of  IJie  head,  and  who  lieem  to  be  injured  rather  than 
benefited  by  it.     With  others,  the  effects  are  highly  agreeable. 

In  treating  the  forehead  the  operator  should  first  press  his  moistened 
hand  firmly  over  the  head,  and  then  making  the  connection  with  his 
other  hand  on  the  sponge  and  brass  hall  of  the  positive  pole,  should 
allow  die  current  to  pass  steadily,  without  interruption,  for  one  or  two 
minutes.  In  Kidder's  faradic  apparatus,  A  U  is  the  best  current  for 
the  forehead.  The  tise  of  the  band  as  an  electrode  is  particularly  de< 
sirablc  in  making  applications  to  the  forehead. 

MeisieHing  Iht  Hair. — The  dry  hair  i*  a  non-conductor,  and  there- 
fore it  is  always  necessarj-  to  wtt  it  frerty  before  tUctrising  any  porrion 
of  the  head  that  is  covered  by  it.  It  is  not  usually  desirable  to  com- 
pel lady  patients  to  pull  down  their  hair,  or  to  thoroughly  moisten  it. 
A  %-cry  important  centre  for  affecting  the  brain  is  the  crown  of  th«  head, 
between  the  ears,  over  the  so^:alled  organ  of  finnncss, — the  cranial  cen- 
tre. If  the  h^r  at  this  point  be  sufficiently  moistened  to  admit  the  pas- 
sage  of  a  mild  current  with  any  convenient  form  of  electrode,  a  peculiar 
and  slightly  painful  sensation  is  experienced. 

In  some  exceptional  cases  of  disease  the  heail  will  bear  currents  of 
considerable  strength.  The  back  of  the  head  over  the  cerebellum  will 
usually  bear  quite  strong  applications.  The  current  is  felt  through  the 
ramifications  of  the  occipital  ncr\'cs,  giving  rise  ofleatimes  to  sensa- 
tions not  only  painless,  but  absolutely  agreeable. 

Applications  to  the  Neek  and  T7troat. — The  back  part  of  the  head 
and  upper  portion  of  the  spine  will  usually  bear  powerful  applications. 
It  is  an  interesting  and  important  fact  that  very  marked  effeds  may  be 
produced  by  gtnrral  faradita/ion,  even  when  the  applications  are  mad* 
only  to  tte  hack  and  sides  of  the  neck. 

The  reason  for  this  will  be  clear  when  we  come  to  study  the  electro- 
therapeutical  anatomy  of  the  parts.  From  the  upper  pordan  of  the 
spine  and  base  of  the  brain  proceed  the  most  important  and  most  sen- 
ndre  nerves  of  the  body — the  pneumogastric,  and  the  brachial  plexus, 
and  the  phrenic  nerves. 
=3 
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side  of  the  spine,  while  a  povrerfal  current  is  passing,  ihc  electric  influ- 
ence may  be  pemptibly  communicated,  not  only  to  ihe  spine  bnt 
also  to  the  larynx  through  the  laryngeal  nerves ;  to  the  stoinoch 
through  the  pneumogistric  ;  to  the  lungs  through  the  phrenic;  to  both 
arms  antl  haniis  through  the  brachial  plexuses  and  their  branches — in 
therif  to  Uu  most  important  nervej  and  organs  of  the  body.  The  sym- 
pathetic is  also  directly  affected  at  this  point. 

There  ia  no  other  single  place  on  the  surface  of  the  body  where  the 
electrical  influence  can  be  communicated  to  so  many  icniKirlant  nerves 
as  at  llie  cilio-splnal  centre.  In  order,  however,  to  affect  all  these 
nerves  and  organs  above  mcnttonecl  by  faradization  it  is  necessary  to 
u&e  a  powerful  current,  and  to  press  the  sponge  very  firmly  against  the 
skin. 

In  very  Hcshy  paLienis  it  is  sometime*  quite  difficult  to  affect  the 
brachial  plexuses  and  their  branches  in  tlie  arms  and  hands  without 
using  a  stronger  current  than  can  well  be  borne  through  the  feet  and 
ankles  at  the  negative  pole.  This  application,  so  far  from  being  pain- 
ful, is  to  many  positively  agreeable.  The  thrill  which  it  communicates 
to  the  nerves  and  vital  organs  is  often  so  delightful  that  the  patient  rc- 
qaests  to  have  the  application  prolonged.  In  patients  who  can  bear  it, 
this  application  at  the  cilicspinal  centre  may  be  varied  by  suddenly 
intemi|>ting  the  current. 

Thisapplication  is  a  very  important  factor  in  general  f3radi):alion,  and 
trill  achieve  decided  lontc  effects  on  the  system,  even  when  no  other 
portion  of  the  body  is  touched  by  the  current.  The  immediate  sensa- 
tions which  it  produces,  however,  are  by  no  means  unifonu.  Some  pa- 
tients, through  the  irritation  of  the  laryngeal  ner^-cs,  cough  spasmodi- 
cally, and  even  violently,  under  the  excitation  even  of  a  comparatively 
mild  current  ;  with  others,  even  the  most  powerful  currents,  and  the 
firmest  possible  pressure  of  the  sponge,  fail  to  produce  any  such  effect 
In  nervous  and  sensitive  patients  this  application  often  causes  a  pecul- 
iar and  decided  sensation  in  the  stomach,  tlirough  the  pneumogastric 
nerve  ;  the  strong  and  vigorous  rarely  experience  any  such  sensation, 
even  under  currents  of  great  power. 

Another  important  locality  in  the  electro- therapeutical  anatomy  of 
the  neck  is  in  the  posterior  triangle,  just  by  the  poatcrior  border  of  the 
stemo-cleidu-niastoid  muscle.  If  the  fingers  of  the  operator,  with  a 
current  of  considerable  stienglh,  or  the  sponge  with  a  current  compara- 
tively mild,  be  pressed  firmly  on  this  space  until  the  jxwlerior  border 
of  the  scalenus  amicus  is  reached,  the  patient  will  at  once  experience  a 
ti:t^ling  or  pricking  sensation  in  the  arm  and  hand  on  that  ade,  caused 
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bjr  t1ie  excitation  of  the  brachial  plcxtis,  and  in  some  cases  a  thrill  ii 
communicated  by  means  of  the  pneumogastric  to  the  stomach,  and  by 
the  phrenic  nerve  to  the  diaphragm. 

Applicaiions  io  the  Upper  ExiremUiei. — It  is  not  always  necessary 
to  go  to  the  trouble  of  fxradiiing  the  extremities,  but  in  many  coses  it 
is  a  decided  advantage  to  do  so.  In  faradization  over  the  extremities, 
the  sponge,  or  the  hand  of  the  operator,  stioiild  be  passed  thoroti^lily 
over  the  surface  of  the  hands  and  anus,  and  »'iih  sufficient  force  to  pro* 
ducc:  agreeable  contiactJons  of  all  the  superBcial  muscles.  Except  in 
infants  and  corpulent  females,  contractions  of  the  superficial  muscles 
of  the  arm  arc  obtained  with  a  mild  current. 

Applications  to  Ihe  Spine. — Stronger  currents  of  electricity  may  be 
borne  Over  the  middle  of  the  spine  than  ]>erlia[>s  over  any  other  poitioa 
of  the  body.  There  arc  no  very  sensitive  peripheral  nerves  in  the  back, 
and  the  spinal  cord  is  so  thoroughly  protected  by  its  bony  covering  that 
the  currents  arc  never  felt  in  it  painfully,  except  when  it  is  greatly  ex- 
hausted or  organically  di&eased.  The  nerves  ihat  issue  from  the  spinal 
cord  are  more  or  less  affected  by  powerful  applications  to  the  back,  and 
tJiiough  them  the  various  parts  and  organs  which  they  supply  are  cott- 
tiderably  influenced. 

The  bes-t  method  of  electrizing  the  back  is  to  pass  the  sponge  down 
its  entire  length  beneath  the  under-clothing,  in  case  it  is  not  removed, 
from  ihe  first  cervical  vertebra  to  the  eouda  equina,  carefully  avoiding 
the  prominences  uf  Lhc  scapula  and  the  nssa  innominata.  Below  the 
inferior  angle  of  the  scipula  (he  sponge  may  be  moved  from  side  to  bide 
over  the  region  of  Ihe  kidneys,  iivcr,  and  spleen. 

If  a  strong  current  be  applied  over  ihe  lower  portion  of  Ihe  spine, 
between  the  upper  borders  of  the  ossa  innominata,  a  slight  sensation  is 
sometimes,  though  by  no  means  uniformly,  communicated  to  the  rectum 
and  the  male  genital  apparatus,  the  penis  and  the  testicles,  througb 
their  spinal  nerve  supply. 

In  view  of  these  considerations  it  is  manifest  that  in  the  employment 
»f  gcHtral  faradisation  particular  attention  should  be  given  to  the  spine, 
even  at  the  expense  pf  n-^^.'eetinj^  other  portions  of  the  body. 

That  the  lungs  and  heart  are  less  influenced  by  electrization  than  other 
im|)Ortant  organs,  is  chicRy  accounted  for  by  the  anatomical  structure  of 
the  chest.  The  ribs,  with  the  intercostal  muscles  and  ligaments,  form 
an  unyielding  wall.  Furtbennore,  the  pleura  and  pericardium  ore  not 
closely  adherent  to  the  inner  wall  of  the  chest,  but  lie  loosely  over  the 
lung*  and  heart.  These  organs,  therefore,  are  best  affected  eleclricilly 
by  applicaticns  above  the  sternum,  around  the  neck,  and  over  the  upper 


APPLICATION  TO  ABDOlfEN. 


357 


half  of  the  spine,  whence  the  nerve-supply  of  Uie  viscera  proceeds,  and 
by  direct  eleculzation  of  the  vagus  in  the  neck. 

Ai^pHcattons  over  the  chest  are,  however,  of  positive  and  permanent 
service,  by  developing  the  thoracic  and  intercostal  muscles,  and  for  this 
reason,  if  for  do  other,  ihey  should  not  be  neglected.  But  it  should  not 
be  forgotten  that  the  surfaces  of  the  ribs,  like  the  surfaces  of  all  other 
bones,  arc*  sensitive  to  electrization,  and  thai  therefore  the  chest  will 
not  bear  as  severe  applications  as  the  spine,  neck,  or  abdominal  re- 
gions, lliift  sensitiveness  is,  of  course,  more  in  the  thin  and  nervou* 
than  in  the  corpulent  and  phlcgiiialic  It  is  usually  most  marked  on 
the  inferior  ribs  on  the  right  and  ifft  side  of  the  body^  over  the  liver 
and  spleen.  The  peculiar  sensitiveness  of  the  ribs  at  these  iioints  is 
sometinic-s  erroneously  supposed  to  indicate  disease  of  the  organs  be- 
Tieaih  ihuu). 

We  have  stated  above  thai  the  anatomical  structure  of  Ihr  chest  ren- 
dered it  dithcull  to  «end  the  electric  current  through  its  anterior  walls 
to  the  lungs  and  heart.  In  the  abdon)ina1  regions  the  anatomical 
structure  is  directly  reversed,  and  instead  of  an  unjn'clding  wall,  pnrll;/ 
compo&ed  of  bones  and  ligaments,  wc  have  a  ilaccid  skin  lyiiig  loosely 
against  the  peritonicmn  that  covers  the  moist  viscera  beneath.  No 
Mhcr  organs  of  the  body  contain  so  lai|[e  a  percentage  of  water  as  those 
which  are  situated  in  the  cavity  of  the  abdomen.  It  is  obvious,  ihcrc* 
fore,  that  when  the  resistance  of  the  epidermis  is  overcome  by  the  moift. 
ture  of  the  sponge  or  hand,  and  the  peritonaeum  and  viscera  arc  brought 
into  coaptation,  the  current  must  directly  traverse  all  the  parts  desired 
to  be  affected. 

To  reach  the  stomach  and  solar  plexus,  place  the  sponge  or  paliu  of 
the  hand  below  and  under  llie  sternum,  and  as  far  back  as  passible. 
This  pressure  brings  the  pcritonxum  and  slon^ach  into  coaptation,  and 
forces  tlve  current  to  pass  through  them,  if  ihe  under-clothing  be 
simply  slipped  up  without  being  entirely  removed,  the  stomach  and  ab- 
domen can  be  readily  treated. 

The  bowels  may  be  treated  either  with  the  labile  or  the  stable  ciir- 
rent,  and,  in  cases  of  obstinate  constipation,  by  sadden  interruptions  or 
shocks, 

Corpulent  and  pursy  patients  usually  bear  much  stronger  current* 
over  the  abdomen  tlian  the  ihin  and  emaciated.  .Adipose  tissue  is 
comparatively  a  ])oor  conductor  of  electricity,  and  it  is  difficult  to  affect 
the  bowels  of  the  very  corimlent  through  the  abdominal  walla  by  elec- 
trization, unless  wc  employ  firm  pressure  and  currents  of  considerable 
strength.     But  in   the   vast  majority  of  cages  currents  of  moderate 
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Strength,  applied  lightly  over  the  surface  of  tlie  alxlomeR,  wiU  readi>> 
produce  contractions  of  the  abdominal  muscles,  and,  if  pressure  be  cm 
ployed,  the  intestines  and  all  the  organs  of  the  abdominal  cavit)*  are  di- 
rectly traveised  by  the  current 


Gateial  Ftaadiaiioa — Application  to  the  ttoitwcL 

AfplUatimu  to  ike  FtmaU  GmiiaU. — Direct  applications  to  the 
vagina  or  uterus  are  rarely  called  for  in  general  faradization. 

Apptualions  to  (he  Louver  Exirtmiiiei. —  Unless  there  is  weakness 
or  paralysis  of  the  lower  limbs  we  do  not  always  apply  the  current 
directly  lo  them,  because,  when  the  copper  plate  13  at  the  feet,  the 
nuiscles  below  ilie  knee  are  more  or  less  exercised  during  the  whole 
treititient. 

Before  proceeding  to  make  the  applications  to  the  lower  extremities, 
■he  patient  should  be  required  to  stand  up,  still  keeping  the  feet  on  ilie 
copper  plate.  Mate  patients  who,  during  tlie  earlier  stages  of  the 
operation,  have  entirety  reniored  their  clothing  from  the  trunk,  »hoiild 
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fbe  allowed  to  again  put  it  on,  both  in  order  to  avind  unnecessary  ex- 
posure and  to  protect  ihera  from  the  cold. 

With  female  patients  the  applications  to  the  tower  limbs,  except  tu 
cases  of  paralysis,  can  be  made  under  the  clothing,  if  the  drawers  be 

[dipped  down,  without  exposure. 


^itneni  Kuaditation— AppJIcatloii  lo  the  Lower  Extremitiea. 

The  operator,  sitting  by  the  side  of  the  patient,  on  u  low  ^luol  ot 
ottoman,  should  then  pass  the  sponge  or  the  hand  lijjhUy  do»7i  llie 
entire  surface  of  both  limbs,  from  the  thighs  to  the  feet,  avoiding,  so 
&T  as  possible,  the  prominences  of  the  bones  at  the  hip,  knee,  and 
ankles. 

The  outer  jiortion  of  the  thigh,  like  the  back,  is  verj-  little  sensitive 
to  tbe  electric  ciurciit,  because  its  surface  is  not  &np|f)ied  by  very  sen- 
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fiittve  nerves.  The  i»ner  side  of  the  thigli.  on  the  contrary,  is  supplied 
by  branches  from  ihc  seosilive  anterior  crural  nerve,  and  in  nervoui] 
persons  especially  is  very  ausceptible  to  eLectrization.  In  parsing  ihe 
Sponge  or  the  hand  clown  the  lower  limbs  great  pains  should  be  taken 
to  carefully  graduate  the  current  according  to  the  sensitiveness  of  each 
locality.  This  precaution  is  more  necessary  in  treating  the  lower  limbs 
than  the  upper,  because  the  contrasts  in  the  normal  sensitiveness  of  tlie 
difTereni  parts  uf  the  lower  linibs  are  much  greater  than  in  tlic  arms, 
and  because  any  severe  shock*  suddenly  felt  iu  the  Ic^  aonietirnes  ihrgw 
patients  oS  their  fecL 

/«  ^asts  not  iompHeattd  with  paralysis,  controitisns  of  the  superficial 
museUs  of  the  lower  limbs,  as  of  the  upper  limbs,  ean  be  produetd  by 
eomparativeiy  feeble  and  painless  currents. 

Special  Rules  to  be  Observed  in  the  Employment  of  General  Faro- 
dizaiion. — In  the  emploj-nient  of  general  faratli/ation  there  are  certain 
special  suggestions,  on  the  observance  of  which  the  results  of  the  appli- 
cations will  very  materially  depend. 

1,  The  ^rength  ef  the  Current  and  Length  nf  the  Application. — It 
is  better  that  the  first  tentative  applications  should  always  be  made  with 
a  gentle  current,  and,  if  the  patient  be  ]iarticularly  sensitive,  it  is  an  ad- 
vantage lo  use  the  hand  of  the  operator  instead  of  an  arliUcial  electrode. 
After  the  patient  has  become  somewhat  accustomed  to  the  lrcatmcnt»j 
tbegcncriil  rule  should  be  to  make  the  applications  pleasantly  painful. 

Patients  who  have  long  been  accustomed  to  ilic  treatment — who  have 
become,  in  a  certain  sense,  insensible  to  the  strength  of  current  ordl*. 
narily  used — may  frequently  be  benefited  by  very  powerful  currents. 

Usualty,  but  not  invariably,  we  may  be  guided  by  the  sensations  of 
tlie  patient ;  but  exceptions  to  this  rule  arc  sometimes  very  striking, 
and  shuuld  put  us  on  our  guard.  Some  who  feel  no  pain  during  the 
applications  may  on  the  day  following  experience  the  most  di&agreeabU 
reactive  eSects.     (See  p.  34S.) 

a.  Thoroughness  of  the  Appliealions. — General  faradisation  docs  not 
require  that  all  portions  of  the  surface  of  the  body  should  be  touched 
by  the  electrode  at  every  silting.  In  nervous  and  susceptible  patients 
we  can  approacli  the  fu!l  measure  of  tlie  treatment  only  by  slow  degrees. 
It  is  oftentimes  sufficient  to  make  the  first  application  only  aruunil  thf 
neck,  shoulders,  and  on  the  upper  portion  of  the  spine. 

It  is  not  alxmys  necessary  to  make  the  applieaiiom  to  all  portions  of 
ihe  surface  of  the  body,  etien  in  a  prolon^^cd  course  of  treatment.  The  gen^ 
eral  tonic  effects  of  this  system  of  treatment  can  undoubtedly  be  achieved 
without  tcMching  either  th:  upper  or  Icnver  extremities.    But,  on  thi 
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ath^r  han/i,  it  is  just  as  undoubtedly  true  thai  the  muscular  developmtni 
that  results  from  long-continued  eUctrisaiiQH  of  the  arms  and  legs  reoitl 
/atforably  on  the  whole  syitem  a»d  maieriaily  aids  /he  treaiment. 

The  neck  and  spine  should  be  treated  in  a]l  rases,  except  during  th« 
first  and  tentative  applicitions.  or  in  patients  of  very  unusual  susccpti* 
bility.  During  menslruatioH  it  is  usually  better  to  avoid  the  ahdomet 
and  lower  part  of  the  spine,  or  to  suspend  the  treaiment  altogether^ 
except  in  those  eases  where  it  is  desired  to  increase  the  menstrual  flow. 

Length  of  the  Applications.— 'V\k  duration  of  ihe  sittings  may  raugt 
betivttn  Jv.e  and  twenty-fve  minutes,  being  uiodilied  by  the  niiure  of 
tile  constitution,  the  strength  of  the  current  employed,  the  Ma^e  of  the 
treatment,  and  the  results  of  the  previous  applications. 

The  smallest  fraction  cf  this  lime  Uiould  be  devoted  to  the  head,  th« 
largest  to  the  spine  ;  next  to  the  spine  the  abdomen  should  receive  the 
largest  share  of  attention. 

I.  An  averaijc  niiplicaiion  of  say  15  minutes  may  be  thus  appor* 
tioued : 

To  th«  htaA t  mtente. 

"      neck,  iyinpftchetic  and  cervlcfti  spisie 4  minutes. 

"      hack 3        " 

'*       alKlomea 3         " 

"       upper  ami  lower  extretnitiei , 4         " 


As  compared  with  the  lime  required  in  localized  faradization  and  ctu- 
tral  galvanization,  general  fandizatioQ  baa  not  ihe  great  disadvantage 
that  has  been  supposed.  Nearly  all  the  ordinary  peripheral  applications 
of  electricity  for  p.ir.aLysis  require  as  much  time  a*  general  faradization. 

Frequency  of  the  AppHeations. — The  applications  of  general  faradU 
laiion  may  be  repeated  daily,  every  other  day,  once  or  twice  a  week,  or 
by  still  longer  intervals.  Every  other  day  'm,  about  as  often  as  is  neces- 
sary to  secure  the  fuU  tonic  results  of  the  treatment ;  but  patients  who 
are  so  situated  lb;it  they  can  take  the  treatment  but  a  short  time  may 
receive  an  application  daily,  provided  they  arc  not  in  a  condition  of  un* 
o«u&I  debility,  or  are  not  more  than  ordinarily  susceptible  to  the  currenL 
For  tlie  very  nervous  and  susceptible,  and  especially  for  those  who  com' 
plain  of  the  secondary  or  reactive  effects,  it  is  often  necessary  to  give 
intervals  of  several  days,  at  least  undl  the  permanent  tonic  effects  begin 
to  be  developed  (see  p.  220). 

Persistenee  in  the  Trealment.~-Vot  the  majority  of  cases,  the  treat- 
ment bj'  general  laradiiatiun,  in  order  to  secure  its  full  results,  must  be 
persistent.     The  reasons  why  this  perseverance  is  demanded  arc  quite 


363 


GEXERAL  FARADIZATION. 


obvious.  Ir.  ihc first  pUcc,  most  of  the  diseases  and  morbid  conditioni 
for  which  general  faradization  is  indicated  are  cicvedingly  chronic  in 
tlicir  character,  it  is  uecissary  ever  to  keep  in  miiid  the  emphatic 
words  of  the  great  Troustieau,  "  Chronic  diseases  demand  chronic  treat- 
ment," whatever  may  be  the  method  employed. 

Siiondiy,  Tonic  remedies  of  all  kinds  external  and  internal,  are  al- 
ways more  oi  less  slow  in  their  action. 

\\'hilc  gicax  and  beneficial  effects  arc  oficn  derived  from  two  or  three 
applications,  a  complete  or  approximate  cure  of  longstanding  morbid 
conditions,  euch  as  dy5))ei>s:a,  hypochondriasis,  nervous  exhaustion, 
hysteria,  paralysis,  can  only  be  achieved  by  pereistent  treatment,  vary- 
ing the  strength  of  the  current  and  frequency  of  Uic  applications  ac- 
cordintj  Co  llie  progress  which  i»  made. 

The  length  of  lime  over  which  the  trcatmi;nC  should  be  extended  may 
range  from  one  week  to  scveml  months,  with  longer  or  shorter  intervals, 
according  to  circumstances. 

Cotnpaiing  the  history  of  all  our  cases,  we  find  that  the  average  num- 
ber of  apphcatioas  administered  to  each  successful  case  is  about  i5-25« 
ar>d  llic  length  of  time  over  which  the  ticauuent  was  extended  4-8 
weeks. 

The  Use  of  the  moisttned  Hand  as  an  EUctrade  to  thi  Head  and  Sen- 
sitive Parts. — The  ailvantages  which  the  moistened  hand  sometimes 
possesses  over  the  sponge  in  general  faradization  are  tlie  following  : 

I.  In  certain  cases  it  is  mere  agreeable  to  the  patient.  It  is  but  a 
truism  to  assert  that  no  form  of  electrode  that  human  skill  shall  ever 
devise  can  ever  compare  with  the  hand  in  llexibilily  and  power  of  ada|>' 
tation.  Its  shape,  its  flexibility,  the  number  and  arrangement  of  the 
fingers,  and  the  vast  and  dcUcate  combinations  of  movement  of  which 
they  arc  so  readily  capable — all  these  familiar  and  wonderful  character- 
iattcs  of  the  hand,  united  to  the  peculiar  softiiei^s  of  the  skin,  and  the 
lightness  with  which  it  can  touch,  or  prc^,  or  handle,  render  it  superior 
for  the  nicer  processes  of  general  faradization  to  any  artificial  arrange- 
ments of  which  the  genius  of  man  could  conceive. 

For  applications  to  the  head  and  sides  of  the  neck,  the  brachial  plex- 
tu,  and  |nt  of  the  stomach,  the  use  of  the  hand  electrode  is  a  very 
great  convenience  ;  and  we  sometimes  meet  with  patients  who  are  so 
sensitive  and  so  fearful  that  they  will  not  endure  even  tlie  softest  sponge 
on  any  poniun  of  ihe  body,  or  at  any  stage  of  the  treatment.  To  a|i- 
ply  a  mild  foradic  current  to  the  forehead  and  crown  of  the  head,  with 
the  softest  sponge  and  largest  possible  surface,  is  at  best  an  unpleiiiianl 
[uucess  for  a  strong  man  in  perfect  health,  and  for  the  delicate  invalid 
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is  ofiea  uneiiilurable  ;  but  when  the  hand  of  the-  operator  is  niad«  aa 
electrode,  the  opcratioo  of  faradiiing  the  mosl  sensitive  portions  of  the 
head  may  be  made  not  only  tolerable,  but  positively  agreeable  ExceiJt 
in  cases  of  severe  local  disease  or  unusual  dcbilit}-,  the  sponge  can  be 
borne  down  the  siiine,  over  llic  tibdoiuen  and  exlreiiiicies,  and  down  ths 
lower  esiremities  without  great  ditficully. 

a.  It  iueps  the  operator  centmualiy  in/ormtd  of  tht  tirtngt^  of  th% 
current^  and  thus  tnables  him  to  earefuUy  graduate  it,  aecordmg  to  the 
seHsttivtntiS  of  each  loeality. 

As  The  current  passes  through  his  own  person,  the  operator  can  judge 
by  his  own  sensations  whether  il  is  too  strong  or  too  weak,  and  by  in- 
creasing or  diminishing  the  grasi)  of  his  other  hand  on  the  sponge,  can 
modify  ilie  stioii^jth  of  the  application  witlioul  distii/bing  his  apparatus, 
llie  wet  sponge  on  which  he  presses  with  the  other  hand,  acts,  as  w« 
have  seen,  like  a  hydro-rheostat. 

The  use  of  the  hand  as  an  electrwle  enables  the  operator  to  instantly 
modify  the  npplioitions  in  any  of  the  various  degrees  of  weakness  and 
strength,  and  also  to  suspend  the  passage  of  the  current  instantaneously 
wilhout  shock  or  violence.  Whert  the  sponge  is  used  we  unist  continually 
(juestiou  the  patient,  or  watch  his  expression  and  movements,  in  order  to 
judge  whether  the  current  is  erf  proper  strength. 

That  most,  if  not  all,  of  the  tonic  eifecta  of  general  faradization  can 
be  obtained  in  perhaps  the  majority  of  patients  by  the  use  of  the 
sponge,  there  can,  we  think,  be  no  qmestion  ;  but  the  use  of  the  hand 
of  the  operator^  according  to  the  principles  above  indicated,  enables  ua 
to  achieve  these  results,  and  with  less  discomfort  to  tlie  patient,  in  those 
peculiarly  sensitive  cases  where  the  artificial  electrode  could  not  be 
borne  at  all.  Very  many  of  our  patients  we  treat  only  with  arlilicial 
electrodes. 

To  sura  up,  in  a  word,  it  is  a  eonvfftienre  and  aftentimei  a  positive 
assistance  for  the  operator  to  be  able  and  willing  to  use  his  hand  in  ap- 
Pittaiionsto  sensitive  parts  and  nervous  patients,  but  for  the  majority  of 
cases  it  is  sufficient  to  use  a  large  soft  sponge. 

Effects  of  the  Current  on  the  Oferator. — T!ie  question  now  arisen 
What  effect  must  the  operator  experience  from  the  repeated  passage  of 
the  electric  currents  through  his  own  person  ? 

It  should  be  understood,  at  the  outset,  that  the  current  docs  not 
directly  affect  the  whole  person  of  the  operator,  nor  indeed  any  of  the 
prominent  organs,  and  llmt  only  the  faradic  current  is  used  in  lliis  way. 
TTie  current  passes  from  hand  to  hand,  through  the  arms  and  shoulders, 
and  docs  not  readi  or  directly  influence  the  brain  or  any  of  the  organt 
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of  the  chest  or  of  the  abdomen.  The  effects  of  thus  using  the  current 
on  ihu  nutrition  of  the  muscles  of  the  anu  have  akeady  been  consider- 
ed (see  Electro- Physiulo]:y,  (J.  194). 

Those  pliysiciaDs  whose  teniperatuents  do  not  tolerate  electricity* 
would  do  Well  to  avoid  pasdng  the  current  through  their  own  i>er« 
sons  in  this  way.  Those,  however,  aud  they  constitute  the  oift- 
jority,  who  are  more  or  less  benefited  by  the  use  of  electricity,  in  this 
way,  need  nwer  fear  any  evil  effects.  If  ihey  treat  a  very  large  num- 
ber of  pacicuts  a  day  by  general  faradization,  using  the  hand  as  an  elec- 
trode a  considerable  portion  of  the  lime,  and  with  strong  currents,  they 
will  be  much  luurc  wearied  at  night  than  if  they  used  the  sponge  chiefly 
or  exclusively.  Thi^  mvlhod  of  general  faradization  has  been  and  is 
DOW  used  by  hundreds  of  physicians,  and  wc  have  never  heard  of  any 
serious  effects  in  any  instance.  The  few  whose  temperaments  contra- 
indicatc  electricity  soon  abandon  the  tisc  of  the  hand  as  an  electrode, 
since  they  find  that  it  is  a  luxury  and  not  a  necessity.  The  m.ijotily  ex- 
perience either  nuyativc  or  bcneticial  effects,  and  arrive  at  tliat  stale 
where  it  is  a  matter  of  indifference  whether  they  lue  the  hand  or 
sponge. 

Special  Effects  0/  General  Faradixativn, — The  general  effects  of 
electricity  on  the  system  have  already  been  considered  {p.  263).  We  have 
here  to  speak  only  of  those  that  are  peculiar  to  or  raoM  marked  under 
general  faradization. 

The  effects  of  general  faradization  may  be  subdivided  into  three 
classes : 

I.  lliose  which  are  experienced  during  or  immediately  after  treat- 
inent. — Primary  or  stimu/aimg  effrcts. 

3.  Those  which  arc  experienced  one  or  two  days  subsequent  to  the 
treatment. — Secondary  or  reactive  effects. 

3.  Those  which  remain  in  the  system  as  &  permanent  result  of  treat- 
ment.— Permanent  or  tonic  effects. 

Many  patients,  perhxps  the  majority,  experience  after  each  seanee  a 
feeling  of  enlivenmeni  and  exhilaration  that  oflei»  lasts  for  several 
hours.  With  some  this  feeling  of  exhilaration  is  very  positive  and  de- 
cided; with  others  tt  is  but  just  perceptible.  Others,  again,  experi* 
fence  a  disposition  to  sleep  after  ireattnentt  quite  similar  to  that  which  is 
felt  after  a  bath  in  the  surf. 

Relief  of  pain  and  local  or  general  weariness  is  a  very  frequent  aa 
well  as  very  agreeable  temporary  effect  of  general  faraditation,  and 
one  which,  more  perhaps  than  any  other,  lends  to  inspire  the  doubt- 
ing  palieni  with  confidence  in  the  efficacy  of  this  method  of  treat- 
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mcnL  Patients  who  sufTer  iJroin  indefiiiable  iieivous  pains  ii.  the  head, 
Dade,  side,  and  stomach,  or  from  weakness  in  the  limbs,  frcqjentty  ap* 
Iircciale  relief  even  in  the  midst  of  the  application.  This  relief  usually 
lasts  for  several  hours,  and  tn  some  cases  may  become  permanent. 

All  the  disagreeable  syni|>tom9  tliat  sotnctimes  arise  from  an  ap* 
plication,  as  headache,  malaise,  chilliness,  I'erligo,  faintness,  and  cetd 
fersfiraiion  (see  pp.  247-250},  like  similar  effects  from  injudicious  use 
of  other  tonics,  physical  exerci&e,  the  shower-balh,  etc,  are  not  usually 
of  any  permanency  whatever.  Indeed,  tliey  arc  entirely  consistent  with 
]>ennanently  good  results;  but  they  are  apt  to  annoy  and  alarm  the 
]>atient,  anri  fur  that  reason,  if  for  no  other,  they  should  be  avoided. 

Effect  on  Timperature.—1\\c  temperature  may  be  immediately 
inflncncetl  by  general  faradization. 

Its  effect  on  the  circulation  seems  to  be  that  of  an  equaliser.  Pa 
ticnts  afflicted  with  nervous  discatics  are  apt  to  suffer  from  cold  feet  and 
hands,  and  from  creeping  chills  over  the  body.  The  equalizing,  warm- 
ing efiecl  of  general  faradiKation  on  such  patients  is  most  decided  and 
agreeable,  and  is  so  positively  realized,  even  in  the  midst  of  the  s'eanee^ 
that  neither  the  bare  feet  nor  the  exposed  trunk  suffer  from  the  cold, 
provided  the  air  of  tlie  operating -room  is  of  even  a  moderate  tempera- 
ture. 

Effect  on  Pulse, — Tlie  effects  of  general  faradization  on  the  pulse  are 
quite  interesting  and  suggestive. 

In  a  large  number  of  cases  we  have  carefully  counted  the  pulse,  and 
also  observed  its  quality  jiust  before  and  just  after  the  treatment.  The 
results  of  some  of  these  observaiioiis  are  presented  below : — 
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On  account  of  the  recognized  susceptibility  of  the  pulse,  especially 
of  nervous  invalids,  to  the  influence  of  mental  impression,  wc  have 
found  it  necessary,  in  order  to  avoid  error,  to  make  repeated  examina 
tions  before  and  after  the  ntting. 
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Th«  conclusion,  from  our  verj-  large  number  of  obscrrarions  in  rcganl ' 
tu  the  infiitcncc  of  general  faradisation  on  the  pulse  in  chronic  disease!^ 
is  that  of  a  corrective. 

When  the  pulse  is  high  it  depresses  it  more  or  less,  and  usually  in 
proportion  to  the  degree  of  the  exaUation  above  the  nomial  standard. 
When  it  is  low  it  raises  it  more  or  less,  and  tlKuJIy  in  proportion  to  the 
degree  of  the  depression  below  the  normal  standard.  In  nervous  and 
excitable  iialicnte,  the  effect  of  general  faradiraiion  on  the  pulse  is  much 
more  marked  than  in  the  cold  and  phlegmatic.  An  application  that  is 
much  too  strong  may  greatly  excite  the  |>ulse. 

Sptcial  and  Extfptwnal  Effects. — Tlie  immediate  effect  on  the  ap- 
petite is,  in  rare  instances,  so  marked  that  the  (laticnt  at  once  feels 
desire  for  food,  and  at  the  next  meal  eats  a  much  larger  quantity  and 
with  far  keener  relish  than  usual. 

Sensitive  patients  are  now  and  then  compelled  to  evacuate  their 
bladder  or  reclnm  iniiitcdtatcly  after  or  even  in  the  midst  of  the  appli- 
cation, and  the  urinary  secretion  is  occasionally  increased.  But  all 
these  effects  of  general  faradization  on  the  functions  of  special  organs 
are  incidental  and  occasional,  attd  are  not  to  be  expected  with  any 
unifonnity  or  constancy. 

Sfecndary  or  Reaitive  Effects. — ^The  secondary  or  reactive  effects  of 
general  faradisation  are  those  which  are  experienced  far  a  day  or  tw* 
J^lovnitg  an  applicaiwn.  These  effects  are  probably  not  observed  in 
more  than  half  of  the  cases,  and  usually  only  at  the  outset  of  the  treat- 
ment. Most  of  these  secondary  or  reactive  effects  have  already  been 
considered  (sec  p.  349). 

Soreness  in  the  muscles  of  the  ncctc,  trunk,  and  upi>er  extremities  is 
unquestionably  the  most  frequent  of  the  secondatr  symptoms  of  gen- 
eral  faradization,  and  the  one  which  patients  are  soonest  to  observe  and 
describe.  It  is  the  result  of  the  muscular  contractions  that  arc  pro- 
duced by  the  electric  current.  They  usually  pa&s  off  in  two  or  three 
days,  and  are  scarcely  observed  at  all  after  tlic  patient  has  once  be- 
come accustomed  10  the  treatment.  By  making  the  first  tentative  ap- 
plications gentle  and  short,  it  is  possible  to  avoid  entirety  this  subse- 
quent muscular  soreness^  and  in  very  feeble  or  very  Hmid  patients  we 
should  always  endc-avor  to  do  so. 

Indefinable  nervousness  is  another  occasional  secondary  effect,  and  one 
that  ofien  gives  rise  to  idle  and  unnecessary  alarm.  Like  the  soreness 
of  the  muscles,  it  usually  passes  off  in  a  day  or  two,  and  is  not  commonly 
experienced  after  the  patient  has  become  accustomed  to  the  treatment. 

Weariness  and  exhaustion  may  be  experienced  by  this  class  of  pa> 
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ticnts  Tot  several  days  after  an  injudicious  application.  It  is  a  very 
inteiesting  and  important  fact,  that  these  annoying  secondary  sjiuptoms 
of  weariness  and  exhaustion  are  oftentimes  cxperienccil  to  ihcir  fullest 
extent  by  patients  on  whom  the  immediate  effects  for  a  few  hours  sue 
ceeding  the  application  are  only  agreeable.  On  account  of  this  fact, 
the  inexperienced  electro- therapeutist  may  be  unpleasantly  deceived, 
and  from  the  temporary  enlivennient  of  his  patient  may  suppose  tliat 
his  application  has  been  thoroughly  successful,  until  the  distressing 
Secondary  effects,  continuing  perhaps  for  several  days,  sliow  most 
clearly  that  it  has  been  cither  too  strong  or  too  protracted. 

Perinanent  ar  Tonic  Effects. — To  designate  any  precise  time  or  stage 
of  the  treatment  when  these  tonic  *,'ffect8  are  to  be  looked  for,  is 
manifestly  impossible.  Like  the  tonic  effects  of  other  analogous  in- 
tema)  or  external  remedies,  the  time  of  their  appearance  must  be 
variously  modilicd  by  the  nature  of  the  disease,  the  constitution  of  the 
patient,  and  the  skill  and  perseverance  of  the  treatment.  They  may 
appear  early  in  the  treatment,  developing  themselves  with  great 
rapidity ;  or  they  may  remain  latent  until  after  the  applications  arc 
abandoned,  and  then  advance  with  sure  and  steady  progress.  They 
may  be  so  rapidly  manifested  at  the  commencement  of  the  treatment 
as  to  caoiie  us  to  suspect  them  to  be  more  the  result  of  mental  im- 
pression than  of  the  applications ;  and,  on  the  other  hand,  they  may 
develop  tiieniselve*  so  long  after  the  treatment  as  to  suggest  the  doubt 
whether  they  are  not  as  much  due  to  nature  and  tinie  as  to  the  direct 
electric  Inllucncc. 

Among  these  tonic  effects  of  general  faradisation,  those  which  chiefly 
attract  the  attention  and  are  of  the  principal  importance  arc  the  following : 

Improvement  in  the  Sleep. — This  symptom  comes _;?«/ in  our  analysis 
of  the  permanent  effects  of  general  faradization,  because  it  is  one  of 
the  first  to  be  appreciated  and  observed  by  Che  patient.  As  insomnia 
is  the  most  constant  and  universal  symptom  of  tliosc  various  nervous 
conditions  for  which  general  faradization  is  indicated,  just  so  is  its  relief 
or  cure  the  first  and  leading  evidence  that  the  treatment  is  having  its 
desired  effect.  As  .ilrcady  mentioned,  inclination  to  sleep  is  one  of  the 
immediate  symptoms  of  the  applications  and  may  come  on  even  in  the 
midst  of  the  s^nce ;  but  the  improvcrnent  in  the  sleep  of  which  we 
here  speak,  as  a  permanent  ^Sucl,  is  appreciated  during  the  intervals  of 
treatment,  and  long  after  it  has  been  suspended 

Increase  of  Appetite  and  Improvement  in  Digestion. — Increase  of 
appetite  and  improvement  in  the  digestion  is  not  so  early  nor  as  con* 
stait  a  symptom  as  im)*rovemenl  in  the  sleep. 
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It  is  by  no  nicans  a  constant  or  uniTorm  effect^  even  in  those  case« 
where  It  would  seem  lo  be  needed,  and  where,  too,  in  all  other  resiJccis, 
great  and  lasting  benefit  is  derived  from  the  treatment.  Some  patients 
who  arc  jicmiancntly  relieved  of  neuralgia,  of  insomnia,  and  of  muscular 
and  nervous  debility,  yet  observe  no  decided  improvement  in  their 
(iigestinn.     Such  cases,  however,  are  quite  exceptional. 

HeguAitian  of  the  Boweis. — Comtijiation  sometimes  yields  very  early 
in  the  treatineuL  The  temporary  effect  is  probably  due,  in  many 
instances  certainly,  to  the  direct  mechanical  acrion  of  the  current  on 
the  intestines ;  but  permanent  relief,  cither  of  constipation  or  of 
diarrhtEaof  the  nervous  variety,  is  not  to  be  expected  until  the  indigestion 
and  general  debility  on  which  they  depend  have  first  been  corrected. 

Jmprovtmcnt  in  the  Circulation. — Permanent  equalization  of  the 
circulation  is  most  observed  in  cases  of  dyspepsia,  nervous  ex- 
liaiistion,  hysteria,  and  similar  conditions  with  which  defective  circulsu 
tion  is  so  frequently  associated.  It  is  then  the  result  of  the  improve- 
ment in  the  assimilative  power  and  nutrition  of  the  system. 

Relief  of  Nervousness  and  Mental  Depression. — The  indefinite, 
ihottgh  very  well  recognised  condition  which  we  terra  nervousness, 
and  the  indefinable  mental  agony  that  forms  bo  |>romineat  and  so 
distressing  a  symptom  in  hysteria,  dyspepsia,  exhaustion,  and  other 
nervous  conditions,  sometimes  yield  to  general  faradization  quite  early 
in  the  treatment 

Increase  in  the  Size  and  Hardness  of  the  Museles,  and  in  the  Weight 
of  the  Body. — This  is  a  natural  result  and  accompanimenl  of  the  im- 
provemcni  in  nutrition,  and  that  it  follows  the  use  of  the  farachc  as  well 
as  of  the  galvauic  cuirent,  sulBciently  demonstrates  that  power  over 
nutrition  is  not  confined  to  the  latter. 

Under  the  inlluence  of  protracted  treatment  by  general  faradization, 
the  muscles  are  sometimes  developed  in  size  as  well  as  in  firmness  to 
a  degree  which  very  naturally  astonishes  those  who,  for  the  first  time, 
have  tlieir  attention  directed  to  it.  This  increase  in  size  and  quality  of 
the  muscles  is,  of  course,  ctiielly  observed  in  thoi^e  portions  of  the 
surface  of  tlic  body  where,  under  the  influence  of  faradization,  con- 
tractions are  most  easily  produced.  Therefore  we  first  look  for  this 
effect  in  the  arms,  the  legs,  and  afterwards  in  the  chest.  This  effect  is 
soonest  observed  in  patients  who  arc  comparatively  thin,  or  at  least, 
whose  muscular  tissue  predominates  over  the  adipose.  On  the  other 
hand,  and  for  obvious  reasons,  it  15  not  so  perceptible  ia  females,  c»' 
in  the  very  corpulent  of  eitlier  sex 

Uuder  general  faradization  aetttai  increase  in  the  site  and  weigH  ef 
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tM^  tody  sometimes  takes  jjlace  so  rapidly  and  ^iccceplibly  to  tJie  eyp 
that  it  Deed  not  be  confirmed  by  reference  to  the  scales.  In  othei 
cases,  where  patients,  either  through  curiosity  or  accident,  have  care* 
fully  weighed  themselves  just  before  taking  a  course  of  treatment,  a 
most  remarkable  increase  of  weight  has  often  been  observed  in  the 
course  even  of  a  few  weeks. 

The  increase  of  weight  is  ^inply  a  result  of  the  efTect  of  the 
electric  currents  on  uutritioa,  and  a  natural  sequence  of  the  improve* 
inent  in  the  sleep,  the  increase  of  appetite,  and  the  relief  of  pain  and 
menial  depression  of  which  we  have  akeady  spoken. 

Increased  Disposition  and  Capctcily  far  Labor  of  the  Muscles  and  tf 
the  Brain. — Whatever  tends,  directly  or  indirectly,  to  improve  nutrition 
must  of  necessity  increase  the  capacity  for  intellectual  and  muscular 
toil.  Accordingly  we  find  diac  paiteuu  who  were  so  feeble  tliat  even  a 
short  walk  or  ride  was  fatiguing,  and  who  were  signally  de&cient  both 
in  the  will  and  the  cai»acity  for  exertion,  soon  begin  to  develop,  under 
treatment,  an  activity  and  vigor  that  is  somctiutcs  surprising.  They 
can  walk  farther  and  more  vigorously,  and  with  greater  enjoyment. 
They  realize  a  consciousness  of  strength  to  which  before  they  were 
strangers,  and  feel  cmlioidcned  to  exertion  from  which  they  would  for- 
tnerly  have  shrunk  with  apprehension. 

Concerning  these  i>ermaneut  tonic  effects  it  is  to  be  observed  :— 

1.  They  are  not  uniform.  They  vary  not  only  with  different  indi\'id* 
uals  and  diseases,  but  also  with  the  same  individual  at  different  perio<1s 
of  life. 

2.  They  are  mere  rapidly  appreciated  by  the  active  and  the  nervous 
than  by  the  eeld  and pkle^matie.  Other  conditions  being  the  sarae»  a 
sensitive,  impressible  organization  will  recover  more  rapidly  under  gen- 
eral faradisation  than  one  of  an  opposite  temperament. 

3.  They  are  frequently  not  experienced  until  long  after  the  treat- 
ment is  abandoned.  These  after  effects  of  general  fataflixation  are 
worthy  of  the  highest  attention.  The  possibility  that  they  may  occur 
is  a  constant  encouragement  in  die  treatment  of  all  slow  and  obstinate 
cases. 

4.  They  are  usually  as  lasting  and  permanent  as  similar  effects  from 
other  remedies  and  systems  of  treatutent.  It  is  true  that  patients  who 
have  been  apparently  cured  by  general  faradization  are  i>ubject  to  re- 
lapses, yet  to  no  greater  and  apparently  to  a  less  extent  than  those  who 
have  derived  similar  relief  from  internal  medication.  In  considering 
this  statement,  regard  should  be  had  tu  the  fact  Uiat  the  diseases  fot 
whicli  general  faradization  is  diiefly  indicated,  at  least  those  in  which  il 
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tias  tiius  far  been  most  successful,  are  just  the  diseases  wliich  are  moiU 
Likely  to  relap&e  under  any  or  all  fomis  of  treatment. 

RaiionaU  ef  the  Effects  of  General  Faradization. — It  has  been  said 
of  general  faradization  that  it  is  not  physiological ;  but  ihcy  who  raise 
this  objection  do  not  well  consider  what  they  say.  Ofthc  various  methods 
of  electrization  none  can  be  better  explained  on  a  physiological  basis 
than  can  this.  General  faradization  is  to  the  whole  body  what  localized 
faradization  is  lo  an  individual  part  or  organ.  All  the  physical,  me- 
chanical, chemical  and  physiological  effects,  with  the  consequent  in- 
crease of  the  processes  of  waste  and  rei>air  and  improvement  in  nutri* 
tion  that  electmation  is  capable  of  producing  in  the  living  tissues  (see 
Electro-Physiologj',  p.  177)  and  which,  in  exclusively  localized  applica- 
tions, are  mainly  confined  to  the  part  which  is  tra\*ersed  by  the  current, 
arc  in  general  applications  appreciated  by  every  part  of  the  system. 
Then,  again,  the  buprovemein  whidi  each  part  or  organ  receives  from 
the  treatment  reacts  upon  every  other  part  and  organ.  Every  cflect 
becomes  in  Its  ttim  a  cause ;  the  strengthened  brain  sends  more  nervous 
force  to  the  stomach,  by  which  the  latter  is  enabled  to  send  better  blood 
to  the  brain. 

Comparing  what  is  known  of  the  condiiciibiUty  of  the  tissues  (see 
p.  180),  and  the  action  of  the  electric  currents  upon  them,  with  the  ob- 
served elTects  of  general  faradization,  these  efiecls  may  be  regarded  as 
due  mainly — 

I.  To  the  faet  that  the  nutrition  o/tht  entire  central  nervous  system 
is  directly  infiuenced  by  the  current.  In  an  ordinary  application  the 
brain,  spinal  cord,  and  symi>athetic  ganglia  are  all  subjected  to  the  ac- 
tion of  the  cuircnL  In  most  of  the  applications  of  central  localized 
electrization  only  a  part  of  the  central  nervous  system  is  affected  at 
each  silting.  We  are  warranted  in  believing  that  in  nearly  all  nervous 
diseases  the  central  nervous  system  is  more  or  less  disturbed,  e\-en  when 
it  is  not  organically  diseased. 

a.  The  passive  exercise  thai  results  from  the  vigorous  and  repeated 
WHseular  contractions  produced  by  the  applications.  When  the  applica- 
tions are  thoroughly  and  skilfully  made,  vigorous  yet  agreeable  con- 
tractions  arc  excited,  not  only  in  all  the  superficial  muacies  but  in  the 
deeper  layers,  and  also  of  the  contractile  fibre-cells  of  the  stomach, 
the  intestines,  and  other  vital  organs.  The  augmentation  of  the  mani- 
fold processes  of  waste  and  repair  which  a  single  sitting  causes  in  the 
muscles  and  abdominal  organs  would  alone  powerfully  influence  nutri- 
tion, even  though  tlie  clccuic  ciureiil  exerted  no  direct  effect  on  the 
nervous  system. 
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T1ia.t  ihe  tonir;  eff«cu  of  gen«r«l  faradiz&tion  are  very  largely  due  to 
the  passive  exercise  which  it  produces,  is  proved  clinically  by  the  fact 
th;it  wh(?n  a  current  too  feeble  to  cause  muscular  contractions  is  used, 
oi  when  ihc  muiicles  are  neglected,  the  tonic  as  well  as  the  priniaty 
effects  of  die  treatment  are  much  less  marked. 

3.  Reflex  action  frpm  the  sensory  nerves.  Tlie  reflex  effect  of  the 
faradic  current  even  is  very  powerful,  and  in  general  faradiiacion  nearly 
all  the  superficial  sensory  nerves  are  acted  upon,  and  consequently  the 
whole  nervous  system  is  constantly  under  retlex  as  well  as  direct  in- 
duence  of  the  current.* 

*  Brown-S^uanl  and  Lombard  (Archives  de  Pfayiaol.,  November  and  December, 
1869)  have  shown  thM  when  one  »m  is  pinch«l  (he  temperature  oT  tbai  arm  &%hl1]r 
ri>c>,  and  Ihat  of  the  oppoiltc  arm  falK  Dr.  Jaitiea  J.  Putnam  {Bo«Ion  Meilical  uid 
Surgical  Journal,  June  33,  iSfo]  hu  shown  bjr  ft  serici  of  experiment*  on  frogit  lliat 
electrizalinn  of  one  font  cauied  reflex  coRLractiont  ^f  the  blood-veudt  in  the  web  of 
the  foot  of  tlie  opposite  Hde.  Thwe  experiments,  taken  in  conneclioo  with  the  fact 
that  nuKiiiun  i4  clcisely  related  to  circulation,  would  reiiJer  it  clearly  probable  itiat 
idles  Bciiun  U  nn  impuriant  favtor  of  the  results  of  applicaliuii  ol  electricilj',  oad 
espBciaily  of  general  Ibradisatiui^  where  the  extremities  are  directly  affected  by  tlu 
rutmt. 
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In  order  to  determine  the  differential  indicntiotis  for  the  use  of 
localized  and  general  facadizatton  we  need  to  consider  these  foui 
facts: 

First,  That  general  faradixation  diredly  affects  the  whole  body,  while 
in  localized  raradizatioii  tlie  direct  action  of  the  current  is  mainly  con- 
fined to  the  part  to  which  the  application  is  made. 

Secondly,  Thai  gt-neral  faradizaticn  may,  by  gympathetic  or  reflex 
action,  indirectly  have  a  siiecial  therapeutic  influence  on  some  sfeciat 
port  or  organ,  while  localized  faradization  of  any  part,  but  especially 
of  the  aynipalhetic  or  ccrcbro-spinal  axis,  by  sympathetic  or  refiei 
action,  may  indirectly  have  a  general  therapeutic  influence  on  the 
whole  body. 

Thirdly,  Kaiadizalion,  when  properly  performed,  very  rarely  iiijtues, 
and  usually  mure  or  less  bcnc^ts,  even  those  parts  which  are  in  com- 
parative or  absolute  health.  This  condderation  has  an  important  prac- 
tical bearing,  especially  in  the  use  of  geiteral  faradization,  in  cases  of 
doubt  as  to  the  sent  of  the  disease.     (Sec  p.  334.) 

Fourthly,  In  nearly  all  cases  it  is  important,  and  in  many  it  is  indis- 
pensable, that  the  applications  should  be  made  to  the  seat  of  the  dis- 
ea*e  as  well  as  to  the  locality  of  the  symptom.  Scientific  elect ro-lJiera,- 
peutics,  therefore,  requires  the  most  accurate  preliminary  diagnosb ; 
above  all,  it  is  important  to  rigidly  discriminate  between  diseases  which 
are  of  a  constitutional  .md  those  which  are  of  a  local  origin. 

From  these  fundamental  considerations  we  logically  derive  the  gen- 
eral law  that  constitutional  diseases  are  tetter  treated  by  general,  and 
heal  diseases  by  laalised.  faradization. 

More  speci&cally,  experience  demonstrates  that  of  the  large  variety  of 
diseases  for  which  applications  of  electricity  arc  found  useful,  localized 
faradization  and  galvanisation  are  specially  indicated  in  those  cases 
where  botii  the  scat  and  the  effects  of  the  disease  arc  restricted  to  ccr- 
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lain  portions  of  the  organism,  with  but  slight  or  imperceptible  influence 
on  the  system  at  large.  Under  this  head  are  included  nearly  all  peri- 
pheral and  reflex  paralyses  and  neuralgias,  effusions,  sprains,  and  local 
injuries,  and  also  many  of  the  diseases  of  the  eye,  ear,  larynx,  and 
genital  and  digestive  organs. 

On  the  other  hand,  general  faradization  15  indicated — 

I.  In  those  diseases  that  are  dependent  on  or  associated  with  im- 
pairment of  nuTntion  and  general  debility  of  the  vital  functions,  such  as 
nenrous  dysjjepsia,  neurasthenia,  aniemia,  hysteria,  hypochondriasis, 
paralysis,  and  neuralgia  of  a  constitutional  origin,  rhcumatlsiii  and 
other  toxic  diseases,  some  forms  of  chorea,  and  oftentimes  io  fuD& 
tional  disorders  of  the  genital,  digestive,  and  other  special  organs. 

a.  In  morbid  symptoms  dependent  on  some  local  cause  which  can* 
not  be  satisfaciorily  diagnosticated.  It  must  be  confessed  that  a  large 
number  of  cases  of  chronic  diseases  are  frequently  dependent  on  or 
connected  wilhsome  important  lesions,  of  which,  during  die  lifetime  of 
the  patieni,  even  the  most  approved  metliods  of  diagnosis  and  the  most 
practised  skill  utterly  fail  to  ascertain  either  the  nature  or  the  locality. 
This  is  oftentimes  the  case  with  epilepsy,  hysteria,  and  hypochon 
driasis ;  sometimes,  also,  with  affections  of  special  organs,  as  the  eye, 
ear,  larynx,  and  ntcnis. 

Benedikt  emphatically  affirms  that  electricity  shoiUd  be  applied  almost 
exclusively  i«  heo  merbi,  in  tlie  place  of  the  disease,  and  in  cases  of 
doubt  recoiiiiueiids  tentative  applications  successively  in  all  the  sus- 
pected localities  until  the  diagnosis  is  made  out  by  the  success  of  the 
treatment.*  It  scarcely  need  be  said  thai  this  purely  experimental 
system,  though  sometimes  successful,  must  be  and  is  annoying,  uncer> 
lain,  and  very  frequently  unsatisfactory. 

I'he  advantage  of  general  faradization  in  such  cases  of  doubtful  paiho* 
logy  are  twofold  :  First,  at  each  application  it  affects  all  parts  of  ths 
body,  and  thus  is  sure  to  reach  the  seat  of  the  disease,  wherever  that 
may  be ;  and,  secondly,  \x  at  the  same  time  improves  the  general  nutri- 
tion of  the  system,  which,  in  such  cases,  ia  frequently  more  or  less  im- 
paired This  improvement  in  nutrition,  as  has  been  staled,  oftentimes 
reacts  favorably  on  the  local  di^ase. 

Still  further,  it  must  be  confessed  that  very  many  of  the  diseases  in 
which  gener.il  faiadization  is  proved  to  be  of  most  efficient  service^ 
are  those  in  which  no  special  locus  tmrbi  can  be  Ibund  even  on  post 
mfirUm  examination. 

*  Die  Ekctroihcnpie.     Wieo,  18^  p.  79. 
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Future  invesligAtions  will  undoubtedly  do  much  to  dispel  our  tgach 
ranee  on  these  points,  and  will  probably  assign  a  definite  local  cause 
to  some  of  the  diseases  which  are  now  vaguely  classed  as  constitu- 
tional. But  even  those  diKeases  in  which  the  local  cause  is  definitely 
ascertained  uiaj-  demand  const itulional  treatment  as  much  as  or  n>ore 
than  those  in  which  no  local  cauiie  is  demonstrated.  When  a  house  i« 
set  on  fire  by  a  burning  fuse,  it  is  not  enough  to  snatch  away  the  fuse  ; 
we  must  extinguish  the  flames.  When  the  nervous  sj'stem  has  been 
thrown  into  tetanus  by  a  wound  in  the  foot,  excision  or  healing  of  the 
wound  is  of  litde  avail ;  remedies  must  be  direaed  to  the  central  ner- 
vous syslein.  Precisely  80  when  clironic  local  disease  has  enfeebled 
the  vital  functions  and  impaired  nutrition,  our  applications  are  to  be 
directed  to  the  general  sj-stem  as  well  as  to  the  seat  of  the  lesion. 

3,  In  certain  diseases  which,  though  themselves  incurable,  arc  ac- 
companied by  impairment  of  nitrition  that  is  susceptible  of  more  or  less 
relief.  Palsy  agtiam,  many  cases  of  cerebral  and  spinal  paralysis,  ad- 
vanced stages  of  locomotor  ataxia,  rhcuniatic  gout,  epilepsy,  and  cer- 
tain spastic  affections,  nvay  be  absolutely  incurable,  and  yet  the  ema- 
ciation, nervousness,  insomnia,  and  general  feebleness  vn\h  which  these 
diseases  are  associated  as  cause  or  effect  or  concomitant,  may  be  sus- 
ceptible of  most  grateful  relief  from  general  faradization.  In  not  a  few 
cases  of  disease  of  these  varieties,  after  we  have  failed  to  do  any  good 
by  galvanization  of  tlie  brain,  8>'nipathettc  and  spinal  cord,  after  even 
central  galvani/aticn  has  failed,  general  faradization  alone,  given  with- 
out special  reference  to  the  scat  of  the  pathological  lesion,  has  greatly 
relieved  the  symptoms  and  been  of  invaluable  service  by  virtue  of  its 
tonic  effects,  although,  of  course,  h  could  have  no  permanently  curative 
influence. 

Illustralive  cases  of  every  grade  will  hereafter  be  presented  in  detail. 

CflWJ*"  i>/  Failures  in  EUctro-Therapiuiics. — The  comparison  we 
have  here  made  reveals  the  cause  of  some  of  the  failures  and 
discouragements  that  have  been  and  are  now  being  cncoimtered 
by  many  experimenters  in  the  department  of  electro-therapeutics. 
Constitutional  diseases  have  been  treated  locally.  Morbid  constitn- 
tional  conditions,  such  as  hysteria,  anxmia,  rheumatism,  and  the 
like,  which,  as  all  physicians  agree,  demand  remedies  that  affect  the 
system,  are  treated  electrically  only  through  their  local  symptoms,  sudi 
as  peri])heral  paralysis,  or  neuralgia,  or  inSamroation  of  the  joints. 
Temporary  relief,  or  metastasis  of  these  local  symptoms  may  indeed 
result  from  exclusively  localized  applications  in  such  cases,  but  per- 
maiieQt  correction  of  the  morbid  condition  on  which  these  sympionu 
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depend  can  only  be  obtained  by  general  treatment.  Iq  subacute  rlieii- 
matism,  for  example,  galvanization  or  faradisation  of  an  inflamed  joint 
frequemly  removes  the  pain  and  effusion  in  (hat  joint,  and  therefore 
may  advantageously  be  wscd  with  general  faradization,  just  as  the  ex- 
ternal application  of  alkaline  solutions  may  advantageously  be  com- 
bined with  the  internal  administration  of  the  same  remedies ;  but  to 
depend  on  merely  localized  electrization  in  such  cases  is  manifestly  as 
unpbilosophical  as  it  would  be  to  depend  on  merely  local  applications 
of  alkalies-  In  general  practice  it  will  unfortunately  be  found  that 
physicians  will  frequently  use  localized  in  cases  for  which  general  treat- 
ment is  indispensable  for  complete  results,  for  the  reason  that  they 
have  neither  the  time  nor  the  practice  to  enable  them  to  use  tlie  lattei 
method  with  sticcess;  just  as  the  majority  of  general  practitioners,  for 
want  of  a  galvanic  apparatus,  are  obliged  to  use  faradization  in  easel 
for  which  galvanization  is  imperatively  demanded. 

Combination  pf  the Mftfmds. — Many  cases  are  most  successfully  treated 
by  a  combination  or  alternation  of  the  two  mclhods.  Thus  rheumatism, 
for  example,  may  be  treated  one  week  or  one  day  by  general  faradiza- 
tioi),  and  the  following  day  or  week  by  local  faradization  or  galvaniza^ 
lion  of  the  affected  joints. 

This  comparison  furthermore  reveals  and  explains  the  suggestive 
fact  that  the  sphere  of  clectro-thcrapcutics  has,  in  a  measure,  corre- 
sponded to  and  progressed  with  the  advance  in  the  method  of  applica- 
tion. Thus,  when  peripheral  applications  were  chiefly  used,  the  scope 
of  electro -therapeutics,  (hough  important,  was  narrow,  neuralgia  and 
paralysis  being  the  diseases  for  which  it  was  mainly  employed.  On 
the  introduction  of  localized  galvanization  of  the  nerve-ceatres,  electri- 
city was  found  to  be  most  useful  for  many  conditions  in  which  pre- 
viously it  had  been  supposed  to  be  either  valueless  or  coniraindicated. 
The  sj>here  of  electro- therapeutics  is  by  general  faradization  and  cen- 
tral galvanization  still  further  extended  to  embrace  a  large  variety  of 
conditions  and  indications  which  localized  applications  ful&l  citlier  not 
at  all,  or  but  very  iioperfectly. 
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CENTRAL  OALVAKIZATIQN. 

The  object  in  central  galvanization  is  ta  bring  the  whale  central  net- 
vaus  system — the  brain,  sympathetic  and  spinal  cord — or  well  as  thepneu- 
mogas/ric  and  depressor  nerves^  under  the  influence  ef  the  galvanic  cur- 
rent. One  pole  (usually  the  negative')  is  placed  at  the  epigastrium,  while 
the  other  is  passed  over  the  forehead  and  top  of  the  head,  by  the  inner 
borders  of  the  sterno-cleido-mastoid  muscles,  from  the  mastoid  fossa  toike 
sternum,  at  the  nape  of  the  neck,  and  drnvn  the  entire  length  of  the  spine. 

The  rollowiiig  representations  of  the  principal  steps  in  the  melliod 
of  central  galvanization  were  made  from  jihotographs  taken  during  die 
applications. 


Fic  gS. 

Central  CALTAMnATios,  first  stage.  One  pole  on  the  epigastrium,  the  other  mi 
the  eranial  ctnlrt,  tlw  hair  ftt  thai  point  being  molUened,  Before  miLktng  th« 
applJcatign  at  this  point  tlic  elcctiXKic  may  be  pamed  over  the  fordbcad. 
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A  female  patient  is  taken  in  order  to  show  that  this  method  in  its 
:iitirety  requires  little  or  no  exposure. 


Cir..  9 J. 

Central  CALVANiZATtorv,  second  sttge.  One  pole  same  posttloa  as  berare,  or  lo*«t 
down,  fl.nd  the  oihcr  passed  up  and  do«m  b^  tlie  inner  border  of  the  stcx»o< 
dado-miudoid  miuclc  from  the  auricnlo-auuulluT  foisa  to  the  stcroum. 


Details  of  the  Applications. — We  do  not  always  make  the  appilca- 
tions  all  over  the  head,  but  merely  on  the  forehead,  gently  passing  the 
electrode  from  one  side  to  the  other;  then  baptize  the  patient  on  the 
cranial  etnlre,  at  the  top  of  the  head,  and  rest  the  pole  llicrc  for  about 
sne  minute,  and  sometinics  longer.  To  the  head  we  apply  from  two 
to  9tx  or  eiglit  cells — for  patients  vary  in  Ihcir  susceptibility — beginning 
witli  a  weak  current,  and  gradually  increasing  until  a  sour  or  metalJie 
taste  is  perceived  in  the  moulh.  The  cranial  eentre — the  summit 
between  the  cars — we  regard  as  tlie  most  important  region  of  the  head 
in  all  electrical  applications,  and  especially  ia  central  galvanization.  A 
current  passing  from  that  point  to  the  epigastrium,  traverses  the  centre 
of  life— if  life  has  any  centre — and  affects  the  sympathetic,  and  the  roots 
of  the  facial  nerves.  The  sensation  produced  by  this  application  is 
different  from  that  of  any  other  application  to  the  head,  and  is  sonie- 
times  indefinable. 
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An  application  to  this  point  for  one  or  two  minutes  is  usuaUy  about 
as  much  galvanization  as  the  brain  needs.  In  exceptional  cases, 
where  the  hair  is  thm,  or  ihc  head  is  bald,  we  make  the  applications  all 
over  the  surface,  back  and  front.  In  applications  to  the  head,  carr 
should  be  taken  to  avoid  sudden  inteiruptions,  or  shocks  that  cause 
dizziness;  the  fl.ishes  of  light  before  the  eyes  ate  of  littie  account,  but 
noLliing  is  gained  by  producing  them,  and  the/  are  annoying  to  the 
paticnt- 


Fia.  <fi. 
CXSTRAL  Galvanizatidh,  third  Kat^t.  One  pole  canie  position  u  before,  or  on  ihe 
breastbone,  uii!  the  other  at  the  luiclc  of  the  neck  between  the  fmt  and  seventh 
cervical  vcrtebfit 


The  electrode  is  then  passed  down  the  inner  border  of  the  stcmo- 
cleidO'tnastoid  muscle,  from  the  auriculo-niaxillar)'  fogsa  to  the  clavicle, 
for  the  piurpose  of  affecting  the  pneuuiogastric  and  sytnpalhetic 
W'c  usually  make  the  application  on  both  sides,  and  from  one  to  five 
minutes. 

In  galvanizing  the  spine,  especial  attention  is  given  to  the  cilio^inai 
centre,  below  the  first  and  seventh  cervical  vertcbne,  which  is  to  the 
q'>ine  wtiat  tlie  cervical  ceutrc  is  to  the  brain.    The  cervical  sympatlictic 
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and  pneumogastric,  as  well  as  the  spinal  cord,  are  affected  by  the  cur. 
rent.  The  electrode  should  also  be  passed  over  the  entire  length  of  the 
cord  by  iaMe  applications  ui>  and  down.  The  back  is  not  usually  sensi- 
tiTc,  and  strong  currents,  from  ten  to  thu-ty  cells,  can  be  borne  withoul 
any  more  discomfort  than  a  burning  or  pricking  sensation  beneath  both 
electrodes. 


tiO.  tfi. 

CiktxalGalvaxizatiun,  Tourth  Uagr.  One  pole  uune  ponlion  n  before,  or  ovei 
(be  ntKluineii,  and  the  ntlier  pMMd  beneath  tlie  looseaed  clothing,  ap  uid  down 
the  cord,  from  the  Kventh  cervical  vertebra  to  the  coccyx. 


The  back  may  be  Treated  Irom  three  to  ^  minutes,  and  the  whole 
length  of  the  iiance  of  central  galvanization  ranges  from  five  to  fifteen 
minutes. 

Prtparatiffn  of  the  Patient. — All  the  preparation  a  maie  padcnt  re- 
quires for  central  galvanization  is  to  unbutton  and  loosen  the  collar, 
remove  the  coat  and  vest,  and  slip  up  the  whole  clothing,  so  that  free 
access  can  be  had  to  the  spine. 

A  female  patient  may  remove  her  corsets  and  slip  up  her  under 
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doUiing,  or  merely  loosen  the  clothing  at  the  neck  and  waist,  so  as  tc 
make  room  for  ao  electrode  to  be  passed  down  to  the  epigastriani,  and 
for  a  spinal  electrode  to  be  passed  up  and  down  the  back. 

Elecirodes. — For  the  negative  electrode  at  the  pit  of  the  stomach, 
any  sponge  or  flannel  electrode  with  a  broad  surface,  so  as  not  to  be 
too  painful,  and  an  insulated  handle  that  the  patient  can  hold,  will 
answer. 

For  the  positive  pole,  we  prefer  adjustable  electrodes  (sec  p.  333),  of 
different  sizes.  These  can  be  passed  under  the  clothing  with  great  ease, 
and  can  alw  be  provided  with  flannel  covers,  that  may  be  washed  as 
often  as  necessary. 

^(T/frr>.— Almost  any  form  of  galvanic  battery  will  answer  for  central 
galvanization,  but  for  reasons  before  given  (p.  jri),  a  battery  that  gives 
a  steady  uuifotiu  current,  and  that  is  provided  with  a  rheostat,  is  pre* 
fcrablc.  The  Cabinet  battery  is  exceedingly  convenient  for  central 
galvanization. 

The  mctJiod  of  central  galvanization  is  based  on  these  four  as- 
suniprions,  all  of  which  seem  to  us  justifiable. 

I.  That  in  a  very  large  number  of  diseases,  and  especially  of  the  so- 
called  functional  diseases,  ihe  pathology  is  not  exclusively  confined  tc 
any  region  of  the  brain,  or  sympathetic,  or  spinal  cord,  but  the  whole 
central  nervous  system  is  invaded  by  a  conditlOD  of  exhaustion  and  ir- 
ritability. We  believe  this  to  be  true  not  only  of  hysteria,  chorea,  and 
of  many  affections  allied  to  them,  but  of  certain  state*  of  neuralgia,  and 
a  number  of  diseases  of  the  skin.  It  is  possible,  furthennore,  that  some 
diseases  that  are  not  now  regarded  as  in  any  respect  of  a  nervous  char- 
acter may  in  ihc  future  be  sliown  to  depend  so  closely  on  the  nervous 
syaCem  that  they  can  be  most  successfully  treated,  not  through  their 
varying  aiid  local  manifestations,  but  through  the  brain,  spinal  cord,  and 
aympathetic.  Tliat  certain  diseases,  not  primarily  nervous,  do  so  affect 
the  nervous  system  that  they  need  to  be  treated,  in  part  at  least,  by 
remedies  that  act  on  the  nerves,  will  be  conceded,  I  suppose,  without 
question. 

3.  Iliat  a  large  proportion  of  the  most  frequent  and  distressing  chronic 
diseases,  as  hystena,  hyjwchondria,  neurasthenia,  chorea,  epilepsy, 
nervous  dyspepsia,  neuralgia,  and  many  forms  of  insanity,  are  so  obscure 
and  subtle  in  their  pathology  that  it  is  impossible  to  determine  tlic  pre- 
CISC  scat  o^  the  disease  in  any  given  case,  even  where  some  local  patho- 
logical condition  may  exist,  and  consequently  we  can  never  know  just 
where  the  curreni  should  be  localized.  Even  when  the  scat  of  die  dis- 
ease is,  or  is  supposed  to  be,  acuuately  kuuwo,  if  a  special  revelation 
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diould  Icmdly  inform  us  whether  epilepsy,  for  example,  takes  its  ori^n 
in  Ihe  briun  or  in  the  sympathetic,  and  should  point  out  to  iia  just  wher« 
^e  lesion  occurred,  we  should  still  be  in  the  dark  in  rcgiird  to  the  best 

'method  of  localuing  the  current,  for  without  another  and  still  more 
complex  revelation  we  could  not  deteriiiiiie  llie  extent  to  wliich  all 
other  parts  of  the  nervous  system  had  been  affected  by  the  local  diit 
ca»e. 

The  force  of  this  objection  to  the  u*e  of  the  accepted  method  of 
galvanizing  the  brain  and  cervical  sympathetic  is  seen  when  we  attempt 
to  give  the  complete  pathology  of  any  of  the  diseases  we  have  just  men< 
tioned,  anil,  indeed,  cf  almost  any  nervous  disease  that  can  be  men- 
tioned. Where  is  the  precise  seat  of  the  disease  io  nervous  dyspepsia  ? 
We*  know  that  the  stomach  is  wcaii,  and  wc  prescribe  galvanization  of 
the  pneumogastiic ;  but  what  have  the  solar  plexus  and  the  spinal  cord 
to  say  in  the  matter?  Who  can  tell  just  how  not  only  they,  but  the 
brain  itself,  may  be  the  origin  of  nervous  dyspepsia,  or  how  much  they 
•hare  in  the  pathological  disturbance,  and  consequently  how  much  they 

'need  treatment?  After  eleven  centuries  of  medical  study,  who  can 
tell  the  precise  and  exclusive  scat  of  tliu  disexse  in  epilepsy,  hysteria,  and 
neurasthenia?  Is  not  the  probability  continually  growing  stronger 
with  the  advance  of  science,  that  in  thete  iind  many  other  diseases  the 
whale  or  a  large  part  of  the  central  nervous  system  shares  as  a  caiii»e, 
or  result,  or  concomitant?  Even  in  those  diseases  where  the  lesion  is 
understood,  is  there  not  much  more  of  the  onknown  than  of  the  known  ? 
In  locomotor  ataxia,  progressive  muscular  atrophy,  spinal  congestion 
and  irrttaiton,  is  the  spine  only  at  fault  ?  Do  the  symfMithctic  and  brain 
wholly  escape  the  infection?  "Evil  communicatioas  corrupt  good 
manners"  ID  pathology  as  well  as  in  morals,  and  the  communications 
between  the  sympatlietic,  and  curd,  and  brain,  and  the  nerves  that  branch 
from  all  these,  are  so  varied,  and  intimate,  and  complex,  that  when  the 
cord  is  known  to  be  diseased  wc  very  naturally  incline  to  consider  the 
other  parts  of  the  ner^'ous  system,  like  "poor  dog  Tray,"  in  bad  com. 
pany,  and  we  become  very  justly  su&picious  of  their  character.  In  this 
suspicion  we  are  juitlned  by  the  accepted  vievrs  of  the  functions  of  the 
sympathetic,  and  by  the  clinical  signs  and  symptoms  of  these  diseases. 

In  cerebral  hemorrhage  we  usually  know  the  general  locality  of  the 
disease,  if  not  its  precise  nature ;  but  the  spinal  cord,  through  disuse, 
becomes  affected  with  secondary  degenerations,  and  the  organs  of  di- 
gestion also  more  or  less  sympathize. 

J.  Thai  the  nutrition  of  the  central  nervous  system  will  be  improved 
by  passing  through  it  a  mild  galvanic  current. 
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That  in  the  great  majority  of  cases  of  so-called  fimctional  nerroos 
disease,  aiid  in  many  of  the  cases  of  special  structmal  leaotu,  ncrre- 
looics  are  indicated,  will  be  questioned  by  no  ooe.  It  is  ako  ccmiag 
to  be  pretty  generally  admitted  that  electricity  is  sotnething  more  than 
a  ttiinnlant— that  it  is  a  lanU  with  a  powerful  sedative  infiucoce.  Still 
fiirther,  it  is  admitted  that  the  sedative  and  tonic  effects  of  electricity 
can  be  obtained  by  passing  the  current,  with  little  ot  no  tntemiptioD, 
throng  any  part,  the  nmrition  of  which  needs  to  be  improved. 

4.  It  is  impossible  10  extluiiveiy  localize  the  current  tn  the  cerrical 
^mpatbetic,  hence  it  is  certain  that  the  good  results  that  in  some  instances 
follow  the  galvanization  through  the  neck  are  due  to  the  effect  of  the 
current  on  the  spinal  cord  or  pneumogastnc,  as  well  as  to  the  cenical 
ganglia  of  the  sympathetic  That  the  bene6cial  effects  of  galvanizing  the 
neck  in  cases  of  nausea,  dyspepsia,  and  gastralgia,  arc  due  in  part  if  »ot 
entirely  to  the  effect  of  the  current  on  the  pneumogastiic,  is  more  than 
probable.  Conversely,  wc  And  it  impossible  to  tell  how  far  our  attempts 
to  localize  the  current  in  the  pneumogastric,  by  placing  one  pole  at  the 
pit  of  the  stomach  and  the  other  by  the  inner  border  of  the  stemo-cleido- 
masloid  muscle,  was  successful ;  and  whether  the  benefit  derived  took 
place  through  the  pneumogastnc,  the  sympathetic  alone,  or  through  both 
combined,  seems  beyond  the  power  of  mortal  skill  to  determine. 

Similar  difficulties  are  experienced  in  the  attempt  to  differentiate  the 
effects  of  the  galvanizing  the  brain ;  how  much  the  results  of  applica- 
tions to  the  bead  are  due  to  the  direct  or  reflex  action  of  the  current  on 
the  brain  itself,  how  much  to  its  action  on  the  cephalic  ganglia  of  the 
sympathetic,  and  how  much  to  its  action  on  the  roots  of  the  pneumo- 
gastric and  the  upper  part  of  the  spinal  cord,  seems  in  the  present  stale 
of  the  sdences  of  anatomy  and  physiology  absolutely  impossible  to  dc- 
termine.  In  galvanizing  the  spine  wc  are  puzzled  by  the  same  com- 
plications. The  cervical,  thoracic,  and  abdominal  ganglia  of  the  sym- 
pathetic, with  their  enormous  plexuses,  arc  all  liable  to  be  affected  by 
the  current  whenever  it  is  applied  up  and  down  the  spine ;  and  how  far 
the  beneficial  results  of  galvanization  are  due  to  the  effect  of  the  cur- 
rent on  the  cord  itself,  and  how  far  to  its  effect  on  these  ganglia  and 
plexuses,  only  a  special  revelation  can  determine. 

Still  further,  the  subject  is  complicated  by  the  consideration  that 

elecinciiy  works  powerfully  by  retlex  action,  and  in  galvanizing  tlie 

*  '«in,  the  cervical  sympathetic,  or  the  spine,  reffex  action  must  contino* 

take  place  through  the  nerve<entres,  and  the  therapeutical  results 

need  by  such  treatment  must  be  ia  part  attributable  to  such  reflex 

a. 
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The  jjosilive  pole  (aoode)  i»  applied  over  the  head,  neck,  and  tyint, 
because  it  is  less  irritating  than  the  negative,  and  tends  to  diminish  irri* 
lability.  The  ni.ijorily  of  the  c.isc3  for  which  central  galvaniiation  is 
used  are  in  a  condition  of  abnormal  irritability,  and  need  the  calming 
effects  of  analectrotonos  rather  than  the  irritating  effects  of  catalectro- 
.tonos.  To  this  rule  tliere  are  individual  exceptions:  there  are  cases 
'  that  appear  to  be  benefited  more  by  the  negative  than  the  positive 
pole.     (See  pp.  336-3x8.) 

The  ncgaiivc  pole  (cathode)  is  placed  at  the  epigastrium,  because 
the  epigsistriiira  13  a  good,  indifferent  t»oint,  that  will  bear  well  the  irri- 
tating effect  of  catalectrolonos.  In  order  to  avoid  over-irritating  the 
stomach  and  the  pnciimogastric  nerve,  it  is  well,  in  very  settsiiive 
patients,  and  when  long  applications  are  used,  to  change  the  position 
of  the  negative  electrode  by  moving  it  up  and  dovrn  between  the  ster- 
num and  abdomen. 

The  posirive  and  negative  modifications  (sec  Electro-Phj-siology,  p.  103) 
that  take  place  at  the  breaking  of  the  galvanic  current,  in  tJie  region  of 
the  anode  and  ihecalUode,  probably  complicate  somewhat  the  effects  of 
treatment — are,  indeed,  factors  of  some  importance  in  producing  the 
effects,  and  not  unlikely  explain,  in  part,  tiie  disagreeable  results  that 
come  from  too  frequently  interrupting  the  current  when  treating  ncrvc- 
ccntres.  The  positive  and  negative  modifications  can,  however,  be 
mostly  avoided  by  using  a  rheostat  of  some  kind,  and  gradually  reducing 
the  strength  of  the  current  to  a  minimum  before  the  electrodes  are  re- 
moved. 

Ctntral  Galvanisation  Cpmpared  with  Localised  Galvanhation  of  ihe 
Ntrvt^fnirts. — We  claim  for  central  galvanization  a  distinct  and  sepa- 
rate position  among  the  different  methods  of  using  electricity  in  medicine. 
The  applications  of  the  galvanic  current  to  the  head,  the  neck,  and  the 
Bpinc,  which  have  been  variously  used  by  electro-therapeutists  since  the 
time  of  Remak,  are  simply  forms  of  localized  electrization,  since  tlie 
object  aimed  at  in  all  of  them  is  lo  localise  the  current,  so  far  as  possible, 
in  the  brain  or  some  portion  of  it,  in  the  cervical  ganglia  of  the  sympa* 
thetic,  or  in  the  spinal  cord.  Then,  again,  in  all  these  forms  of  localized 
galvanization  of  llie  nerve-centres,  the  poles  are  place<l  near  each  oiher 
over  the  part  to  be  affecled,  and  the  peculiar  action  of  both  poles  is  felt, 
M)  1^  as  is  possible  by  external  application,  in  tiie  organ  that  is  treated. 

In  galvanizing  the  head,  for  example,  the  poles  are  applied  behind 

the  cars,  or  in  front  of  them,  or  one  is  placed  on  the  forehead,  and 

'the  other  on  the  occiput,  or  at  the  nape  of  the  neck.    In  galvanizing 

the  cervical  ganglia  ol  the  sj-mpathctic,  one  pole  is  placed  on  the 
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auriculo-maxilkr)'  fossa,  or  along  the  inaei  border  of  ihe  sterno-clcido- 
mastoid  luuscle,  while  the  other  is  applied  at  the  back  of  the  neck.  la 
galvani/.iii);  the  spine-,  one  pole  ia  placed  at  the  upper  or  lower  part, 
while  the  other  is  passed  up  and  down  the  entire  length,  <»-  kept  in  one 
])1ace,  or  both  may  he  moved  up  and  down  (he  entire  length  of  the 
cord,  or  cunfiiied  to  any  purlion,  as  is  desired. 

But  in  central  galvanization  the  electrodes  are  so  placed  that  the 
whole  central  nervous  xystciu  i»  brought  under  the  influence  of  one  pole 
(usually  the  positive]  of  the  galvanic  current  at  one  sitting,  and  without 
any  important  change  of  position  of  the  negative  pole.  Besides  the  cen- 
tral nervous  Hystcin,  the  pncitmogastric  and  the  stomach  itself  are  also 
affected ;  in  a  word,  the  great  centrei  of  life,  of  healtli,  and  of  disease. 

Comixiring  central  galvanization  with  localized  galvanisation  of  the 
nerve  centres,  by  the  tjfic/s,  we  find  differences  of  a  most  marked  and 
interesting  character  exisL  The  ordinary'  methods  of  galvartizing  the 
cervical  sympathetic,  the  brain,  or  the  spine,  do  not,  either  singly  or  in 
combination,  produce  the  powerful  tonic  results  that  arc  frequently  ob- 
tained by  central  galvanisation.  Sedative  and  Conic  effects  are  unques- 
tionably protluced  by  these  local  methods,  but  they  are  frequently  in- 
ferior in  quality  and  degree  to  tliosc  derived  from  central  galvaaiiation 
when  proper])-  adiuiniiitercd.  This  conclusion  is  derived  from  actual  trial 
and  observation  of  cases.  Neither  the  temporary  nor  the  permanent 
effects  of  localized  galvanization  of  the  brain,  of  the  cervical  sym- 
patlietic  anil  pneumogastric,  or  of  the  spine,  ore  as  satisfactory  in  many 
cases,  even  when  they  are  successively  used  at  the  same  sitting  and 
with  the  same  time  and  strength  of  c:urrent,  as  central  galvanization. 

Still  further,  experience  teaches  that  the  method  of  central  galvaniio- 
lion,  in  its  completeness,  is  more  serviceable  than  partia.1  or  incomplete 
applications  of  it-  Placing  the  negative  pole  on  the  epigastrium,  and 
the  other  on  the  spine,  will  not  accomplish  the  full  effects  of  central 
galvanization,  although  so  far  as  it  goes  it  is  a  good  method,  and  pro- 
duces sedative  and  conic  effects.  To  confine  the  attention  to  the  bead 
and  neck  alune,  also,  is  not  sufficient. 

Cempartd  with  General  Faradization, — Comparing  central  galvanit*. 
tion  with  general  faradixatioa,  we  find  most  important  differences.  In 
the  one  only  the  galvanic,  in  the  other  only  the  faradic,  current  is 
used. 

In  general  faradization  the  application  is  made  not  only  over  the 
central  nervous  system,  but  over  the  entire  trunk,  and  especial  attention 
is  given  to  the  muscles  of  the  abdomen  and  extremities.  In  central 
galvanitacion  the  chief  aim  is  to  affect  the  central  nervcut  system ;  in 
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general  famdiuiTion  the  chief  aim  is  to  afiect  the  museuhr  system, 
although  the  nervous  system,  central  and  purij^hcral,  is  alTcctcd  both 
directly  and  refiexly. 

Comparing  the  effects  of  central  galvanization  with  those  of  genera] 
faradization,  vc  find  that  both  are  powerfal  tonics,  and  are  adapted  for 
conditions  of  debility,  by  whatever  names  tliey  may  be  known.  For 
tome  cases,  and  particnlarly  for  cases  associated  with  great  muscular 
debility,  general  fonidisaiion  is  more  effective  than  central  galvaniza* 
tion.  On  the  other  hand,  in  cases  where  simply  exAaustiifn  of  the 
nerve-centres  is  the  leading  condition — as  hybteria,  chorea,  and  sc 
forth — central  galvanisation  is  oftentimes  far  superior  to  genera)  (aradt' 
zation. 

Central  Galvanization  alttmated  toitk  General  faradisation. — Some 
of  the  best  results  that  we  have  yet  seen  have  been  secured  by  combin* 
ing  or  by  alternating  the  two  methods. 

Sometimes,  after  general  faradization  bos  done  all  that  it  is  capable  of, 
centnil  galvanization,  rightly  used,  helps  to  lift  the  patient  still  higher. 
In  cases  where  we  arc  not  experimenting,  and  seek  only  the  best  good 
of  the  patient  in  the  shorte&t  time  possible,  we  use  in  succession,  or 
alternation,  and  with  dianges  and  modilications,  all  the  principal 
methods — local  galvaniiation  of  the  brain,  of  the  ccriHcal  sympathetic 
and  spine,  general  faradization  and  central  galvanization.  This  course 
is  found  to  be  oftentimes  justified  by  the  results.  The  improvement  is 
more  positive  and  more  pennancnt  than  when  a  single  method  is  used 
exclusively. 

Some  cases  we  treat  one  week  by  general  fiixaduatioD.  the  neit 
week  by  central  galvaniiation ;  sometimes  we  alternate  the  methods 
from  day  to  day. 

There  arc,  however,  cases  not  a  few,  where  all  forms  of  famdization, 
and  where  local  galvanization  of  the  nerve-centres  irritates  rather  than 
benc&ts,  but  tn  which,  under  the  method  of  central  galvanization,  tliere 
is  sure  and  constant  improvement. 

Dr.  Althaus,  of  London,  in  the  third  edition  of  hi«  most  excellent 
work  on  Medical  Electricity,  after  describing  this  method  of  central 
galvanization  in  detail,  remarks  that  he  had  never  carried  out  the 
method  in  its  entirety,  but  that  he  had  tised,  experimentally,  applica- 
tions to  the  head  and  neck  with  the  anotle,  and  to  the  epigastrium  with 
tlic  cathode.  He  states  that  unpleasant  results  have  followed  lhe£« 
experiments,  that  disagreeable  cerebral  symptoms  were  produced  by  it 
during  the  application,  and  which  sometimes  continued  for  tveoty-fout 
liours  dr  more  aftenvaids. 
25 
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"The  patients  had  a  general  sensation  of  malaise  and  nervousnesi^ 
headache,  and  a  Tccling  of  giddiness  and  conrusion." 

Dr.  Althaus  further  states  that  he  has  used  the  "application  of  tha 
anudc  to  the  cen'ical  and  lumbal  spine,  and  of  the  cathode  to  tlie  pit 
of  the  stomach  irilh  advantage." 

Nothing  is  eaaer  than  to  produce  these  unpleasant  residts  in  sus- 
ceptiMc  patients  by  any  method  of  galvanizing  the  brain  and  necV, 
provHded  strong  currents  are  used,  or  interruptions  are  allowed,  or  the 
applications  are  prolonged.  The  same  effects  may  follow  general  fara* 
dixation  atid  localized  galvanization. 

In  beginning  to  treat  a  patient  by  central  galvanization,  we  shonld 
use  very  mild,  scarcely  perceptible  currcnu,  particularly  around  the 
head  and  neck,  and  even  on  the  cervical  spine,  and  great  pains  should 
be  taken  to  avoid  breaking  the  current,  and  the  application  should  be 
of  only  a  few  niotiients'  duration.  Taking  itiese  precautions  has  now 
become  with  us  a  mere  matter  of  routine,  and  we  are  every  day  accus- 
tomed to  treat  the  most  sensitive  and  delicate  patients— <a5es  of  hyfr> 
Icria,  nervous  exhaustion,  hypochondriasis,  and  allied  aflfcctions— cases 
which  arc  sufficiently  familiar  to  all  American  physicians,  and  with 
sedative  and  tonic  effects  that  arc  not  obtainable  by  other  methods. 

Whenever  any  of  the  disagreeable  effects  spoken  of  by  Dr.  Althaua 
occur,  we  always  give  the  patient  a  longer  interval,  and  moderate  the 
applications  until  only  good,  unmixed  with  evil,  effects  appear. 

The  American  constitution  is  more  susceptible  to  electricity  than 
the  English  or  the  German,  and  if  our  nervously  exhausted,  hj-slerical 
women  can  bear  and  be  profited  by  central  galvanization,  surely  the 
women  of  England  and  Germany  might  be  treated  by  tlie  same  method, 
even  when  used  with  less  caution. 

We  have  freqneniiy  treated  by  this  method  delicate  women  who  are 
loo  feeble  to  walk  or  stand,  or  even  to  sit  up,  and  who,  therefore,  must 
be  treated  in  bed,  and  even  in  such  cases,  the  disagreeable  effects  only 
occur  now  and  then,  and  no  oftener  than  they  occur  when  other 
methods  of  electrization  arc  employed  in  the  same  kind  of  cases;  in- 
deed, not  so  frequenUy  as  they  follow  general  faradization  or  local 
galvanization  of  the  brain. 

Reply  to  Objutions  against  Galvaniioiion  of  the  Nin>e-ctntres. — 
It  is  proper  here  to  consider  briefly  some  of  the  objections  that  have 
been  brought  against  galvaniring  the  ncrvc-ccntrcs  by  the  method  of 
central  galvanization,  or  by  any  form  of  local  galvanization.  These 
objections,  which  in  some  instances  have  come  from  persons  who  on 
vther  subjects  are  well-informed,  are  of  a  threefold  character. 


OBJECTIONS  ANSWERED. 

I.  That  the  current  goes  around  the  nerve-centres,  and  not  through 
thrm.  This  objection  is  fully  met  by  the  experiments  recorded  in 
Electro- Physiolog)',  pp.  i73-i7ft. 

3.  That  we  do  not  completely  understand  what  the  current  doei 
when  i:  penetrate*  ihc  ncrvc-cenlres — in  other  words,  the  rationale  of 
the  effect  of  electricity  on  nutrition  h  not  yet  an  exact  science.  This 
objection  is  just  enough,  considered  as  a  fact,  but  considered  as  an  ar- 
gument,  it  attempts  to  prove  loo  much.  By  referiing  to  Electro-Physi* 
ology  we  shall  see  that  there  are  few,  if  any  remedies,  the  action  of 
which  is  as  well  understood  as  electricity.  Wc  do  not  exactly  and  ex- 
haustively know  its  action  on  the  nerve-centres,  neither  do  we  exactly 
and  exhaustively  Icnow  its  action  on  the  periphera!  muscles  and  ner\-C5, 
and  if  this  objection  is  to  hold  good  against  galvanization  of  the  tierve- 
centres,  it  must  also  hold  good  against  ail  peripheral  galvanisation  and 
faradization. 

3.  That  it  is  dangerous  to  apply  the  galvanic  current  through  the 
head  and  neclc. 

Dr.  Anstic,  who  is  a  very  strong  friend  of  electro-therapeutics  in 
general,  in  his  excellent  work  on  neuralgia,  speaks  of  galvanization  of 
the  cervical  sympathetic  as  a  metliod  to  be  either  avoided  or  used  with 
very  great  caution,  and,  in  support  of  this  view,  adduces  a  case  in  hia 
own  practice.  In  a  review  of  Tibhctts's  little  "  Hand-book  of  Medical 
Electricity,"  Dr.  Anstic  repeats  this  caution,  and  oxpresses  apprehen- 
sion lest  great  injury  may  follow  the  use  of  this  method  of  treatment. 
Tlie  error  of  Dr.  Anstic  consists,  not  in  enjoining  caution,  since  this  is 
needed  in  all  electrical  appHcations,  but  in  suggesting  the  idea  chat  gal- 
vanixation  of  the  cervical  sympathetic  is  a  dangerous  procedure,  likely 
to  pro<hice  serious  results.  Quite  recently  Dr.  Brown-Siquardf  in  a 
foot-note  to  one  of  his  series  of  very  able  papers,  speaks  as  follows : 

"Recently,  some  bold  physicians  have  tried  to  galvanise  the  cervical 
sympathetic  nerve.  This  I  did  once  in  1855  on  my  eminent  friend 
Prof.  Ch.  Rougel,  to  try  to  relieve  him  from  a  most  violent  headache. 

"The  effect  was  all  we  could  desire  against  the  headache ;  but  the 
galvanic  cunent,  acting  at  the  same  time  on  the  sympathetic  and  the 
vagus  (the  simultaneous  excitation  of  these  two  nerves  cannot  be 
avoided),  produced  stich  a  dangerous  syncope,  that  I  promised  myself 
that  E  would  never  try  again  to  apply  galvanism  to  the  cervical  sympa- 
thetic of  man."* 

The  best  reply  to  objections  of  this  nature,  coming  from  men  who 


*  ArtJUva  v/  Stitntijie  *mi  Pnttinl  Mtditint,  p.  91,  N?.  i.  1873. 
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are  justly  dislinguUlied  in  the  departments  to  which  their  lives  arc  do 
voted,  is  foLind  in  the  argumenfum  aJ  kominem. 

Dr.  Anstie  highly  recommends  hypodennic  injections  of  morphine  in 
neuralgia. 

If,  now,  we  should  say  to  hicn  that  we  knew  of  a  case  where  an  injec- 
tion of  morphine  bad  almost  instantly  caused  most  alarming  !i)'mptom5, 
aiid  of  another  case  where  it  had  apparently  caused  death,  con*cquently 
we  had  resolved  never  again  to  use  that  method  of  treatment,  he  would 
reply  that  hypodermic  injections  had  been  tested  for  yean*  at  the  hands 
of  many  of  the  best  physicians  of  our  rime  ;  that  those  who  are  most 
feirailiar  with  them  are  usually  the  most  attached  to  them ;  and  that, 
when  properly  administered  with  the  caution  that  all  potent  remedial 
measures  demand,  and  the  skill  that  only  experience  can  give,  tJiey 
need  seldom  or  never  do  serious  harm  ;  and  that  the  infinitely  small 
chance  of  their  doing  harm,  when  thus  properly  used,  is  so  far  over- 
shadowed, by  the  infinite  relief  which  they  unquestionably  do  alTord.  as 
to  he  hardly  worthy  of  considcratiiin  in  the  practice  of  those  who  have 
made  themselves  familiar  with  their  admiui.stration. 

Ur.  Brown-Sequard  has,  among  very  many  other  researches,  deserved 
welt  of  the  profession  for  having  given  an  explanation  of  the  action  of 
ergot  on  unslripcd  muscular  librc,  and  for  having,  on  the  basis  of  this 
explanation,  suggested  thevalae  of  that  remedy  in  congestion  of  the 
spinal  cord. 

If,  now,  we  should  say  to  him  that  there  are  cases  where,  with 
well-de&Ded  symptoms  of  hy|>crsBmia  of  the  cord,  ergot  at  once  aggra- 
vates the  symptom!,  we  should  but  state  the  truth  of  our  experience. 
Hecould  reply,  however,  vrilh  perfect  justice,  that  just  as  there  arc  those 
in  whom  a  single  strawberry  will  cause  most  disagreeable  Bymptoms,  or 
those  to  whom  a  mouthful  of  mutton  is  a  mouthful  of  poison,  just  so 
there  are  those  who,  whatever  tlieir  disease  may  be,  cannot  bear  ergot ; 
but  that,  when  wisely  used  by  those  who  "know  what  tliey  are  about,  it 
Is  a  remedy  of  vast  and  various  efficacy. 

For  hypodermic  injections  of  ei^ot,  substitute  galvanization  of  the 
rer\*ical  sympathetic,  and  our  reply  is  complete.  There  are  those  to 
whom  electridly,  however  administered,  is  a  perfect  poison,  and  who 
were  not  bom  to  be  treated  by  diis  most  potent  of  remedial  agents. 
There  are  those  who  can  bear  it  in  well-nigh  Umitless  doses. 

There  arc  those  who  can  bear  it  and  who  are  bcnetited  by  it,  but  only 
when  given  with  delicacy  and  great  caution.  Kow,  it  is  possible  to 
galvanize  the  cervical  sympathetic  in  all  three  classes,  except  the  first, 
without  doing  any  serious  Injury,  permanent  or  temporary.    Even  thou 
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mkf  Mrt  tJU  mfitt  susceptible  to  tUctrkity,  for  fshoM  this  forct  <an  nevtt 
k  kmeJUiai,  can  ytt  be  treated  by  the  method  a/fenlral  gahanizatha, 
tnik  very  mild  eurrentt  and  short  sttttngs,  and  a  rheostai  of  some  kind 
19  ttmd  interrufting  thi  current,  without  any  permanent  or  temporary 
injury. 
All  our  most  potent  remedies  are  ilangerous  when  used  dangerously 
4.  That  ihe  cases  which  have  been  Ucated  by  galvanisation  of  ttie 
bntn  have  been  so  carelessly  anil  unscientifically  studied,  :ind  so  reck- 
Icttly  reported,  that  tbey  have  no  scientific  value.  Dr.  Cyon.  in  par* 
licular.  declares  that  the  observations  that  are  given  as  prcofi  of  the 
curatiire  effects  of  galvanizing  the  brain  are  valueless.  This  statement 
kuitfair.  What  is  true  of  ctirtain  electro-therapeutists  is  not  true  of 
■n.  The  therapeutics  of  galvanization  uf  the  brain  have  been  studied 
Ly  men  who  have  been  ttained  to  the  habit  of  close  and  discriminatiag 
observation ;  who  recognize  and  bciir  conittaiitly  in  mind  the  enormous 
compticaltons  that  beset  all  therapeutics  ;  who  have  worked  under  the 
guc  of  watchful  skeptics,  and  with  the  cverla»ling  motto,  post  hoe  ergo 
fr^pterhoc,  incessantly  ringing  in  their  cars;  men,  too,  who  have  ear- 
ned conscience  into  science,  and  have  reported  the  results  to  the  work) 
jvst  as  ihey  were  revealed  to  them. 

It  is  of  very  little  practical  consequence  whether  these  effects  we  due 
to  the  direct  passage  of  the  current  through  the  brain  or  to  the  reflex 
aciioa  of  ttte  current  on  the  brain  through  the  sensory  nerrcs.  Rellcx 
action  comes  in  to  explain  the  therapeutic  effects  of  electricity,  however 
and  whercTcr  applied.  Granting  for  one  moment,  what  is  not  true, 
ihai  tntld  cuncois  cannot  penetrate  the  brain,  this  would  be  no  reason 
whatever  for  abandoning  the  electrical  treatment  of  the  braiu  so  long 
u  experience  shows  that  beueCit  is  derived  thereby. 


CHAPTER  xrrr. 

THE   USE   OF   FRAUKLINIC  OR  STATIC   ELECTRICITV. 

The  two  great  obstacles  lo  the  use  and  popularisation  of  Franklinic 
electricity  have  been  :  i,  That  the  necessary  apparatus  were  bulky 
and  expensive  ;  2,  That  they  were  more  or  less  dependent  upon 
atmospheric  conditions,  and  ihcrefore  uuccrtain  in  their  action.  The 
first  of  these  objections  (.lilt  holdi*,  but  the  oilier  no  longer  exists. 

With  the  apparatus  to  be  described  we  are  able,  at  all  seasons  and 
in  all  kinds  of  weather,  to  obtain  this  form  of  electricity  in  sufficient 
quantity  for  therapeutic  piirposes.  Notwilhstandiug  this,  liowcvei, 
there  is  one  diiiadvantagc  under  which  wc  occasionally  labor  in  the 
use  of  Franklinic  electricity,  and  this  is,  that  although  the  machine 
itself  works  well,  the  condition  of  the  external  atmosphere  is  such,  al 
certain  seasons,  that  the  stored  electricity  in  the  insulated  body  is 
abstracted  loo  quickly.  It  Is  maiuly  in  the  months  of  July  and  August 
that  this  difficulty  occurs. 

Apparatus  for  Frankliniialion. — The  best  apparatus  for  the  gen- 
eration of  Franklinic  electricity  for  medical  purposes  is  the  Holtt 
machine.  This  contrivance,  although  a  great  advance  over  the  old- 
fashioned  cylinder  machine,  siill  proved  inoperative  during  most  of  the 
sunimcr  months  at  least,  and  frequently  ceased  to  act  for  awhile,  even 
in  winter. 

Vigoroux  has  recently  been  experimenting  in  this  direction  in 
Paris,  where  it  Itas  been  found  ibat  if  the  apparatus  is  covered  with  a 
tightly  fitting  glass  case,  in  which  is  placed  a  quantity  of  chloride  of 
calcium,  which  absorbs  all  the  moisture  of  the  air,  electricity  can  be 
generated  with  mote  or  less  readiness  in  all  kinds  of  weather. 

The  attention  of  the  profession  in  this  country  was  first  called  lo 
this  useful  contri\'ance  by  Dr.  W.  J.  Morton.*  T^e  machine  consists 
of  TWO  stationary  and  two  revolving  glass  plates,  giving  a  large  quan- 
tity, and  a  spark  of  eight  or  ten  inches. 

Formerly  but  a  single  revolving  plate  was  used,  which  yielded  a 
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lower  tension  and  less  quantity  ;  now,  however,  machines  of  three,  and 
even  four,  revolving  plates  are  constructed,  and  any  aiuount  of  force 
can  be  readily  obtained. 

For  almost  all  jiractical  purposes  the  four-i>late  apparatus  with  its 
stationary  wheels  twenty-four,  and  its  revolving  wheels  twenty-two 
inches  in  diameter  is  sufficient     This  apparatus  is  represented  in  J'ig. 


FlC.    EOO. 

loo.  The  machine  may  be  operated  by  steam  or  water  motor,  or  by 
hand. 

Franklinization,  as  this  method  of  treatment  is  now  termed,  may  be 
given  in  several  ways,  each  difTering  in  the  effect  produced. 

Insulation. — In  the  admijiistratiou  of  l-'raiiklinic  electricity,  insula- 
liou  is  the  first  step  taken,  and  to  this  end  the  patient  is  scaled  upon 
a  platform  supported  by  glass  legs,  and  connected  by  a  brass  rod  with 
cither  side  of  the  machine,  according  as  wc  wish  to  give  a  positive  or 
a  negative  charge.    As  in  the  administration  of  dynamic  electricity^  so 
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in  the  treatment  by  Fr&nklinic  electricity,  the  eiTect  produced  is  due 
to  what  is  termed  a  difference  of  potential.  In  hydrostatics  the  slaiid- 
arU  level  of  our  measurumcnt  is  the  sea,  and  in  electro-statics  tiie 
earth,  and  in  the  same  way  that  we  have  levels  above  and  below  the 
sea,  and  temperatures  above  and  below  zero,  so  we  have  jtotcntials 
aAaz'f  and  Mtrw  the  earth's  potential,  termed  respectively  pc^iitivc  and 
negative  potentials.  In  treating  a  patient,  then,  by  insulation,  we 
simply  changL-  his  potential  to  a  higher  or  to  a  lower  one  than  that  of 
the  earth,  according  as  he  is  placed  in  communication  with  the  posi- 
tive or  n^ative  condenser.  To  use  a  homely  phrase,  the  electricity 
is,  as  it  were,  pumped  into  ihc  body,  and  its  silent  recei>tion,  and  as 
silent  and  more  gradual  discharge  to  ihe  surrounding  aiiuusphcre, 
produces  in  most  persons  effect*  that  are  very  agreeable.  The  hair 
of  the  head  standi  out  in  all  directions,  accomijanicd  also  by  a  pleas- 
ant vibratory  sensation,  if  at  the  same  time  the  discharging  knobs  are 
brought  in  sufficiently  close  communication. 

The  pulse  may  be  slightly  accelerated  and  the  face  flushed,  while 
frequently  it  is  observed  that  a  slight  but  gentle  perspiration  appears. 

This  condition  maybe  kept  up  for  about  twenty  minutes,  ot  until 
an  agreeable  feeling  of  drowsiness  is  experienced. 

If,  wliile  in  tills  condition  of  insulation,  the  brass  tod  connecting  the 
insulating  stool  with  the  macliine,  be  held  lightly  in  cither  hand  of  the 
patienL  and  the  discliarging  rods  brought  near  together  so  that  a  con- 
stant discharge  takes  place  between  them,  the  ivensation  experienced 
by  the  patient  is  similar  to  that  resulting  from  the  administration  of  a 
feeble  faradic  current. 

In  those  pauenta  who  are  especially  susceptible,  tliis  mild  and 
simple  method  of  treatment  is  frequently  of  much  value.  It  is  slightly 
tonic  and  refreshing  in  its  action,  and  may  be  used  as  a  tentative 
method  before  proceeding  to  the  more  positive  and  effective  treatment 
of  the  spniy,  sparks,  and  shocks,  or  the  general  surface  stimulation  that 
is  so  admirably  obtained  by  the  use  of  the  roller.  Usually  the  effects 
experienced  are  very  slight  indeed,  but  in  several  instances  I  have  ob- 
served some  curious  phenomena,  and  notubly  in  one  of  my  cases 
where  the  patient  was  sulTering  from  the  peculiar  scquel;c  of  cerebro- 
spinal meningitis  described  elsewhere.  Treatment  by  insulation  was 
invatiably  followed  by  an  overpowering  tendency  to  droivsiness,  which 
would  continue  for  half  an  hour  or  more- 

Frankiinicati^n  by  sparks  or  spray. — The  patient  being  in  the  con- 
dition of  insulation  just  described,  sparks  can  be  drawn  from  any  por* 
don  of  the  body  by  the  near  approach  of  a  conducting  substance. 
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Fig.  tooa  represents  the  operator  in  the  act  of  drawing  sparks  Trom  the 
jtatient  seated  upon  the  insulating  stool. 

brass  balls  of  various  sizes  (monntcd  on  glass  handles,  held  by  the 
operator),  connected  by  a  brass  chain  with  the  ground,  or,  better  still, 
with  the  nearest  gas  or  water-pipe,  arc  usually  employed.  I'lg,  loo* 
represents  the  ball  electrode  ordinarily  used. 

The  size  of  the  sparks  drawn  from  the  body  may  be  graduated  in  aze 
and  length  ;  and  in  strength,  from  a  slight  tingle  to  the  sharp  impres- 
sion that  accompanies,  a  large  spark  passing  through  aeveral  inches  of 
intervening  air.    The  body  varies  much  ia  its  susceptibility  to  electrical 
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influences,  and  as  in  the  use  of  dynamic  electricity,  and  especially  the  in- 
duced form  of  it,  so  in  the  use  of  Franklinic  eleciricity  by  means  of  sparks, 
the  operator  should  subject  his  owti  person  to  its  Influences  until  he  is 
thoroughly  aware  in  what  regions  Ihcsc  Etrong  sparks  are  nut  disagree* 
able,  and  in  what  regions  they  are  painful.  A  large  variety  of  electiodes 
besides  those  represented  in  the  accompanying  cuts  may  be  used  ;  but 
aside  from  special  fonns  for  the  car,  mouth,  nose,  etc.,  the  ball  electrodes 
of  metal  and  of  hard  wood,  and  the  jwinted  rod  for  the  spray  or  electric 
wind,  are,  as  a  rule,  sufficient.  It  is  unnecessary  for  the  patient  to  remove 
any  of  his  cloihicg,  as  the  sparks  pass  readily  through  the  thickest  iabrics. 
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Al  llic  point  where  the  si>arks  spring  from  l!ie  skin  to  ihe  electrode 
a  whitish  spot  will  be  at  first  noticed,  and  in  some  cases  they  very 
closely  resemble  the  ordinary  urticarial  wheals  followed  by  erythematous 
bhishes  which  soon  dis&ppear.  When  in  place  of  a  round  ball,  a  pointed 
rod  (Fig.  loo^)  is  brought  within  a  few  inches  of  an  insulated  body 
already  charged,  we  obtain  the  eflecl  called  the  electric  wind  or  spray. 
Tbis  is  due  to  the  silent  discharge  of  the  electricity  that  has  accumu- 
lated in  the  insulated  body. 

The  air  is  agitated  between  the  elecuode  and  the  body  of  tlie  patient, 
and  the  sensation  is  not  only  very  pleasant,  but  the  results  that  fol- 
low its  use  .ire  often  very  efficacious. 

Getural  Frankiimzaiian. — On  the  same  principle  that  we  apply  the 


FiC.  IM«. 


Fee.  )oof. 


&radic  current  tu  the  whole  surface  of  the  body,  calling  ii  general 
faradization,  so  we  can  make  similar  use  of  the  franklinic  electricity, 
and  very  properly  apply  the  term  General  Franklinization. 

This  is  accomplished  by  means  of  the  metallic  roller  (Fig.  loo^, 
allhouuh  it  i»  by  no  means  so  generally  effective,  and  it  is  certainly  far 
less  agreeable.  It  directly  excites  the  cutaneous  nerves,  and  has  also  a 
powerful  retlex  action.  When  the  roller  is  used  upon  the  hare  skin,  the 
conduction  is  so  perfect  that  no  sensation  is  appreciated.  It  is  only 
when  the  clothing  intervenes,  acting  possibly  as  a  sort  of  I.cyden  jar, 
that  the  peculiar  pricking  sensation  is  observed,  it  is  needless  to  say 
that  to  obtain  the  best  therapeutic  effect  of  the  roller,  it  should  be 
applied  over  the  clotbiug. 
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Shoeks  from  tht  Leydenjar. — These  arc  produced  by  bringing  the 
body,  or  that  portion  of  it  upon  which  wc  wish  to  operate,  In  the  cir- 
cuit between  the  outer  and  inoer  coating.  A  shock  may  be  sent 
through  the  arms  and  chest  by  placing  one  hand  on  the  knob  connect* 
ing  with  the  inner  coating  (containing  tlie  positive  electricity)  and  the 
other  hand  on  tlie  outer  coating  of  the  Jar  containing  the  negative  elec- 
tricity. A  shock  may  be  sent  through  the  pelvis  by  applying  one  end 
of  a  branched  conductor,  connected  with  the  inner  coaling,  to  the  back, 
and  applying  the  outcrcoating  of  the  jar  against  the  hypogastric  reginn. 
In  the  same  way  the  electricity  frotn  the  Leyden  jar  may  be  localized 
in  any  part  of  the  body.  The  shock  is  a  violent  method  of  treatment 
and  is  not  usually  called  for. 

In  addition,  a  static  induction  current  (simultaneously  suggested  by 
Drs.  Morton*  and  Bartholowf)  can  be  obtained  from  a  Holtz  ap- 
paratus, and  this  has  been  suggested  as  a  substitute  for  faradic  clec- 
triciiy.  It  is  claimed  for  this  current  that  it  produces  maximum  nmscular 
contractions  with  a  minimum  amount  of  pain,  and  that  the  response  is 
quicker  than  that  from  the  faradic  current.  K%  for  the  first  claim,  it  is 
difficult  to  sec  how  it  can  be  determined,  since  the  ordinar)-  faradic  cur- 
rent, from  the  wngle  coil  apparatus  especially,  need  seldom  call  forth 
pain  in  (he  production  of  mu.scular  contractions.  As  to  the  alleged 
Jer  quickness  of  retiponse,  I  have  not  as  yet  been  able  to  satis- 
rily  form  an  opinion.  The  change  in  the  apparatus  for  the  pro- 
ductioa  of  this  current  is  quickly  and  easily  effected,  and  for  the  par- 
ses of  localized  electrization  it  is  useful.  For  general  faradization, 
jwever,  I  can  quite  confidently  assert  that  it  i*  far  inferior  to  the  cur- 
rent produced  by  the  best  faradic  apparatus. 

From  fmnkltnic  electricity  tonic  and  sedative  effects  of  a  very  In- 
teresting and  positive  nature  can  be  obtained  either  by  insulation,  by 
sjiarks,  or  the  usi:  of  the  ruEler.  Speaking  frotn  a  considerable  cxperi- 
ence  with  this  form  of  electricity,  I  should  say  that,  while  its  constitu- 
tional tonic  effects  are  unequal  to  those  that  follow  general  faradization, 
rhen  this  method  is  carried  out  properly,  with  due  attention  to  detail, 
yet,  as  an  adjunct  or  supplement,  it  is  invatuabtc.  It  is  one  of  the 
familiar  things  in  medicine  that  a  remedy  which  at  first  acts  well  may, 
after  a  time,  prove  inefficacious,  rendering  Jt  necessary  to  resort  lo  some 
other  remedy  of  the  same  class.  This  is  true  in  regard  to  the  dynamic 
and  sialic  forms  of  electricity.  Occasionally  cases  of  nervous  exhaus- 
tion, as  irell  as  other  forms  of  disease,  after  improving  to  a  certain 
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jioitif ,  under  ihe  influence  of  gaU-anism  or  faxadism,  hang  fire,  as  il  were, 
but  by  submitting  the  patient  to  the  action  of  franklinization  a  new  im- 
pulse  seems  to  be  given.  In  this  way,  one  treatment  supplementing 
and  rc-enforclTig  the  oLlicrs,  results  are  obtained  far  more  satisfaciory 
than  could  possibly  fuUuw  the  exclusive  use  of  general  or  localized 
faradization,  central  galvanifation,  or  franklinization.  L'ain  is  souietimcft 
relieved  by  fjanktlniz-ation  after  both  galvanism  and  faradism  have 
failed,  but  liiia  is  not  the  rule.  The  pain  of  muscular  rheumatism, 
however,  is  relieved  by  thit*  method  sooner  and  more  effectually  than 
by  the  others.  For  this  purpose,  the  treatment  by  the  roller,  which 
exercises  a  generally  stimulating  effect  over  abroad  surface,  is  supe- 
rior to  the  treatment  by  sparks. 

In  the  various  forms  of  true  neuralgia,  franklinism  is  not  comparable 
in.  power  lo  galvanism.  The  poiii  Uut  llie  funner  is  frequently  so  suc- 
cessful in  subduing  is  generally  of  a  chronic  character,  con&ned  to  uo 
special  nervc-tninks,  dull  and  aching  in  diaractcr,  and  with  no  tender- 
ness on  pressure.  In  these  cases  1  have  long  known  that  faradism 
was  superior  to  galvanism,  but  more  recent  experience  has  convinced 
me  that  franklinization  is  more  efficacious  than  either.  In  tlie  enlarged 
joints  of  subacute  and  chronic  rheumatism,  and  to  excite  the  process 
of  absorption  In  chronic  synovitis,  llie  treatment  by  sparks  is  freijuently 
more  efficacious  th^n  either  faradization  or  galvanization.  In  old  con- 
tractions, and  in  cutaneous  an;eslhe«ia,  franklinixaiion  frequently  pos- 
sesses advantages  over  the  others. 

In  locomotor  ataxia,  and  In  systemic  diseases  uf  the  spinal  cord  in 
leral,  it  is  rendered  probable  by  a  number  of  suggestive  cases  that 
tnuch  more  can  be  accomplished  by  the  use  of  franklinic  than  by  dy- 
namic electricity. 

In  electro-diagnosis  franklinic  electricity  is  of  but  limited  value, 
those  qualitative  and  quanlicatave  changes  which  are  so  important  as 
indicating  structural  degeneration,  being  salisfactocily  produced  only 
through  the  action  of  the  two  forms  of  dynamic  electricity. 

Valuable  as  is  franklinic  electricity,  it  has  a  more  limited  range  of 
usefulness  than  dynamic,  and  the  more  strongly  this  fact  is  impressed 
on  the  professional  mind  the  better.  He  who  begins  with  fraoklinism 
the  study  and  practice  of  medical  electricity,  begins  at  the  wrong  end. 
Let  him  first  master  dynamic  eleclricity,  and  then  supplement  his 
knowledge  and  experience  in  this  direction  by  franklinism.  The  di9ereti> 
tiol  indications  for  the  use  of  galvanism,  faradism,  and  t'ranklinisni,  may 
Well  demand  the  closest  scrutiny,  for  on  the  accuracy  with  which  we  esti* 
luate  these  indications  will  largely  depend  the  success  of  our  cfTorts. 


CHAPTER  XIV. 

ELECTRIC   BATHS. 

A  METHOD  of  employing  electricity  that  has  long  been  poptilat  among 
the  laity,  though  it  is  not  yet  fully  intrncluccd  into  science,  is  the  eUeirU 
bath.  Thp  methods  of  giving  electric  baths  arc  various.  The  rc(iuisites 
aie  a  balliing  tub  of  soTiie  form,  partly  fillc-d  witli  water,  contrivances 
for  sendinjf  the  current — cither  faradic  ox  galvanic — through  the  water  in 
which  the  patient  is  immersed.  vVn  electric  balh  can  he  extcmponzcd 
ID  any  ordinary  bath-tub.  The  patient  may  rest  his  feet  on  one  pole  in 
the  water  and  hold  the  other  pole  in  his  hand.  In  that  pusitiuii  Uic 
body  of  the  patient  becomes  part  of  one  or  the  other  pole,  and  the  cur- 
rent flows  through  him  Ercm  one  pule  to  the  other,  just  as  it  would  if 
there  were  no  water  in  the  bath ;  or  at  most  the  only  effect  of  the  water 
is  !o  thoroughly  saturate  the  part  of  the  body  in  contact  with  the  pole 
in  the  bath.  This  rtvethod  is,  of  course,  exceedingly  cnide,  and  can 
scarcely  have  any  conceivable  advantage  over  a  similar  position  of  the 
poles  outside  of  the  bath,  and  yet  it  has  been  not  a  little  used. 

Mr.  Russell  uses  the  following  fonu  of  electric  bath,  llie  tub  is 
of  the  ordinary  shape,  biit  the  metallic  connections  arc  so  made  that 
the  cnrrcnl  c-innot  avoid  passing  through  the  body  of  the  patient.  One 
pole — a  broad  copper  plate — is  at  one  end  of  the  tub,  constituting  a 
pari  of  its  lining  surface,  and  the  other  pole— also  a  broad  metallic  plate 
— is  placed  at  the  other  end.  Koth  plates  are  under  the  water.  At 
the  head  of  the  tub  a  board  is  placed,  at  a  little  dislai^ce  from  the  pole. 
This  board  has  in  it  a  slit  of  moderate  tize.  Against  this  slit  rests  the 
back  of  the  patient,  while  his  feet  may  or  may  not  press  against  (he 
copper  plate  at  the  other  end  of  the  tub.  Ky  this  arrangement  the  cur- 
rent can  be  directed  through  the  back  of  the  pattetii,  and  from  the  back 
through  the  body  and  lower  limbs.  Indeed,  the  back  of  the  patient  fits 
so  closely  and  snugly  into  the  slit  of  the  wooden  rest,  that  Che  current, 
if  it  pass  at  all,  miist  go  through  the  body. 

In  regard  to  the  clcctro-condtictibility  of  the  body  as  compared  with 
wntcr,  we  have  already  spoken.  The  human  body  is  composed  mostl) 
u(  water,  h<ilding  in  solution  various  salts ;  it,  therefore,  conducts  bet 


596 


ELECTRIC  BATHS. 


ter  Umn  water  of  the  same  temperature  j  and  on  account  of  this  superiot 
conductivity  of  the  living  human  tissue  a  considerable  portion  of  elec- 
tricity  must  go  lhrOiig;h  the  body  vrlienever  it  lies  in  A  bath,  even  though 
it  does  not  touch  either  pole.  That  the  body  conducts  better  than  the 
water  is  proved  by  this  experiment,  which  we  have  often  made.  Place 
both  hands,  at  Boine  distance  apart,  in  a  bath  through  which  a  current 
of  considerable  .strength  is  running,  anil  a  sensation  will  be  distinctly 
felt  in  them.  Bring  ihe  hund^  6liU  immersed,  very  close  to  each  other, 
and  the  sensation  will  be  much  dimimshed.  When  the  hands  are  fat 
apart  a  considerable  portion  of  the  current  passes  through  the  body  frono 
one  hand  to  the  other.  It  prefers  this  much  longer  and  roundaboul 
road  to  the  direct  path  through  the  water. 


Fifi.   in  I. 

Electric  B»li. 


In  the  arrangement  that  Russell  uses  (l-"ig.  loi),  if  the  palient  prewei 
bis  feet  against  the  copper  plate  at  the  lower  end  of  the  tub,  his  body 
becomes  a  part  of  the  pole  that  is  attached  to  that  plate,  be  it  positive 
or  negative. 

Dr.  Justin  Hayes,  of  Chicago,  has  a  somewhat  diflferent  form  of  elec- 
tric bath.  In  the  sides  of  the  tub  and  near  the  bottom  are  a  number  of 
electrodes  connected  with  the  battery.  These  electrodes  aie  so  arranged 
that  tlie  current  can  be  sent  through  any  one  or  all  of  them,  and  thus  be 
localized  on  the  part  that  specially  needs  treatmeat. 

This  method  of  u?*iiig  electricity,  which  is  called  the  electro-thermal 
treatment,  is  canicd  out  by  Dr.  A.  P.  Peck,  of  Chicago,  who  has  ob- 
tained  excellent  results  from  its  employment. 

The  study  of  the  comparative  practical  advantages  of  these  differeol 
forms  of  baths  is  of  course  beset  by  many  complications. 
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Effects  0f  ihe  EUctric  Bath.— In  regard  to  the  therapeutic  effects 
of  the  electric  bath,  wc  have  these  remarlts  to  offer: 

I.  The  stimulating,  sedative,  and  tonic  effects  of  electricity  are  ob- 
tained more  or  less  by  all  forms  of  electric  baths ;  not  only  those 
where  the  current  is  Incalixcd  in  Homc  part  of  the  body,  but  tlicse  where 
it  is  generally  diffused  wiihoul  regard  to  localization  anrl  without  re- 
gard to  current  direction,  exert,  there  is  no  question,  more  or  less  the 
special  and  distinctive  physiological  and  therapeutical  effects  of  elec- 
tricity. Those  forms  of  balhs  that  admit  of  localiiation  of  the  current 
seem  to  ns  10  be  far  more  scientific  and  rational  than  those  that  do 
not  admit  of  such  localization,  but  all  forms  are  capable  of  affecting  the 
system,  for  electricity  cannot  pass  through  the  body  without  doing 
more  or  less  guoil  or  evil. 

a.  The  question  whether  electricity,  administered  in  any  of  tlie  forms 
of  baths  yet  devised,  has  any  therapeutical  advantage  over  the  ordinary 
methods  of  using  electricity — as  localiwd  faradijation  and  jj.ilvaniiation, 
general  faradization  and  central  galvanization — has  not  yet  been  estab- 
lished. Even  if  it  should  be  proved  that  in  certain  diseases  or  certain 
conditions  the  electric  baths  arc  sliyhtly  superior  to  ordinary  electriza- 
tion, the  further  question  would  still  arise  whether  this  advantage  is 
sufficient  to  compensate  for  the  longer  lime  and  greater  labor  and  in- 
convenience of  the  baths.  The  question  b  one  of  exceeding  complexity 
— for  the  thempeurical  effect  of  the  water  is  combined  with  the  thera- 
peutic effect  of  the  electricity,  and  to  eliminate  the  one  or  the  other 
is  no  easy  task.  Enthusiastic  advocates  of  the  baths  sometimes  make 
the  same  mistakes  as  the  advocates  of  Franklin iz:ition,  or  tlie  use  of  stati- 
cal electricity,  of  assuming  that  the  results  which  they  uudeuiably  obtain, 
and  which  are  sometimes  most  satisfactory,  could  not  just  as  well  have 
been  obtiuned  by  a  proper  use  of  electricity  in  some  of  the  ordinary 
methods. 

It  is  claimed  that  the  baths  will  be  borne  by  temperaments  that  will 
not  bear  ordinary  electricity.  This  claim  may  possibly  be  just,  and 
yet  the  difficulty  of  demonstrating  it  is  very  great ;  for  those  who  take 
the  baths  aud  are  benefited  by  Ihem  may  most  likely  have  been  ini. 
properly  treated  by  the  other  methods,  and  thus  fall  into  the  delusiOQ  that 
the  baths  are//r  se  more  bearable  than  ordinary  electrization. 

The  true  and  only  way  to  determine  this  question  is  for  those  who  are 
masters  in  electrology  to  try  the  baths,  side  by  side  with  their  other 
methods  of  using  electricity  ;  just  as  they  try  the  two  cturrents  and  the 
different  methods  of  using  them  on  the  same  patients  and  on  different 
paticDts^  and  iu  a  wide  variety  of  diseases.     Observations  of  this  kind^ 
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to  be  of  real  value,  must  be  not  only  numerous,  but  extended  over  a  long 
period. 

The  question  whether  subsunces  cau  be  introduced  into  the  body  oi 
removed  from  it  by  electricity,  will  be  discussed  in  the  section  on 
eleclro-stirgery. 

Central  RuUs  for  givhts  EJtetrie  Baths.— \-n  the  use  of  eleclric  baths 
we  should  be  guided  by  some  of  the  same  general  principles  that  guide 
us  in  the  use  of  electricity  Ijy  other  methods.  The  tcmiicramont  of  the 
paiieuc  should  be  studied,  and  in  the  length  and  strungtlv  of  the  baths 
and  in  the  frequency  with  which  they  are  given  we  should  be  directed 
by  Uie  peculiarities  of  each  case. 

It  is  not  well  to  take  an  electric  bath  just  after  a  full  meal,  dot  is  it 
usually  well  to  take  exhausting  exercise  immediately  after  a  bath,  espc* 
ciiilly  for  the  delicate  and  nervous.  The  temperature  of  the  water 
should  be  abuut  that  of  the  body*  and  may  range  between  95  and  105° 
Fahrenheit.  The  patient  may  remain  in  the  water  from  5  to  35  min- 
utes. There  appears  to  be  no  danger  of  catching  cold  after  taking  an 
electric  bath,  even  when  the  water  is  quite  warm.  One  effect  of  the 
electricity  would  appear  to  be  to  give  tone  to  the  cutaneous  vessels,  so 
that  there  is  less  liability  to  take  cold  than  after  a  simple  m-arrn  bath. 


CHAPTER  XV. 
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Under  ttii&  bead  we  luclude  b/stcrJa,  tn  the  ordiuai/  sense  of  ihtX 
ttrm;  neurasthenia,  or  nervous  exhaustion ;  hypocbotidiiosis  and  mel* 
incholia;  spina.1  irritation,  vrith  the  manifold  symptoms  with  which  it 
is  associated  ;  insomnia  ;  and  astraphobia,  or  fear  of  lightning. 

We  give  hysteria  and  allied  affections  a.  prominent  position  in  the 
clinical  portion  of  tliis  work,  because  it  is  a  class  of  diseases  for  which 
electrical  treatment  is  especially  adapted,  and  in  which  its  success  is 
most  remarknble.  ThU  fact  is  not  generally  appreciated,  for  the  reason 
that  the  profession  have  looked  upon  electricity  as  a  stimulant  merely^ 
and  have  not  fully  recognized  its  sedative  and  tonic  properties,  and 
hence  have  confined  ihcir  attention  largely  to  paralysis,  as  the  one  dis* 
ease  above  all  others  to  be  treated  by  this  agent. 

Eltctro-diagnffsit. — Usually,  lliough  not  necessarily,  tliere  is  exces- 
sive sensitiveness  to  the  electric  current  In  all  parts  of  the  body.  Pa- 
tient't  sometimes  can  bear  only  the  mildest  currents.  In  some  cases 
even  a  mild  current  wiU  not  be  borne  on  the  middle  of  the  back,  which, 
in  hcalih,  is  usually  so  little  sensitive.  Keflex  sensations  may  be  ob> 
served  during  electrization  of  hystericaJ  patients.  Irritation  of  llie  dis- 
eased side  of  llie  body  may  be  sensitively  felt  in  the  healthy  side. 
Sometimes  there  is  capacity  Jor  bearing  very  strong  currents  without 
injury,  even  when  there  is  great  hyperesthesia.  The  electro-diagnosis 
of  hysterical  paralysis  will  be  iirescnted  under  that  disease. 

Treatment, — Hysteria  is  a  constitutional  disease,  and  demands  con- 
stitutional treatment.  To  attempt  to  chase  after  and  direct  the  appli- 
cation of  elcctriciiy  to  each  special  symptom  as  it  ap|>car»,  is  uniihilo- 
sophical  and  usually  unsuccessful.  General  faradization  and  central 
galvanization  are  methods  of  electrisation  that  arc  indicated  for  hysteria. 
Under  whatever  symptoms  it  may  be  developed,  our  cliicf  and  best 
results  have  been  obtained  by  these  methods.  This  general  treatment 
docs  not,  of  course,  di&i>ense  with  localized  eleciri/ation  of  paralyzed 
musdes,  or  special  attention  to  any  locahties  where  the  disease  ii 
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for  the  time  directed.  Duca&cs  of  the  sexual  oi^anii,  hysterical  hie 
cough  or  cough,  aphooia,  or  iccontinence  of  urine,  may  sometimes 
need  localized  electrization  ;  bat  these  symptoms  frequently  yield  under 
general  faraxlization  or  central  galvanization,  even  when  no  special 
attention  is  given  to  the  diseased  parts.  In  nearly  all  cases,  except, 
perhaps,  loQg- standing  paralygis,  it  is  much  better  to  dispense  K-ilh  the 
local  tlian  the  general  trcatuient.  There  arc  cases,  however,  in  which 
the  symptoms  of  rigid  contractions  of  certain  muscles  arc  most  persistent 
and  painful  in  character.  In  such  conditions  of  the  affected  muscles 
galvani/.ation  should  nev«r  be  oraittetl.  In  cases  of  extreme  hyper- 
leslhcsia  it  may  be  necessary,  as  Bencdikt  advises,  to  place  the  patient 
under  the  influence  of  an  anxsthetic  while  tlie  application  is  made. 
Strong  currents  do  not  appear  to  be  injurious  in  such  cases. 

Prognosis. — The  behavior  of  hysteria  under  electrization  is  as  capri- 
cious and  inconsistent  as  arc  its  symptoms.  Sonic  cases  }'ield  to  gen> 
eral  electrization  with  wonderful  rapidity  ;  others,  apparently  no  worse, 
are  singularly  obstinate.  On  the  average,  the  prognosis  \&  so  Eavorable 
that  DO  case  should  be  abandoned  without  a  fair  trial  of  this  method  of 
treatment.  Under  peripheral  electrization  the  results  are  usually  ud* 
satisfactory,  since  the  relief  of  ihc  Eocal  symptom  is  by  no  means  a  cure 
of  the  morbid  constitutional  condition. 


yioient  kystfrUaJ  tymptomt  dtpttidttU  oh  mpprttted  mtiutruatien  aUeviaUd  fy  two 
flaiuet  af  gtntrAi faraditatioH  and  lotaltttd  galvaniiatiot. 

Cahr  I. —  A  molt  violent  andpenltfcnt  cue  of  hj^eria.  In  Ihe  penon  of  aroairkd 
\»Ay,  ogetl  40,  came  under  out  ohurvAtion  through  tli«  binducM  of  Dr.  Oliver  White. 
The  paitinit  wiLs  ill  l>«d,  suffering  from  violent  puoxyuu  of  attcnule  wcefiiog  ftt»! 
Kreaniing.  TIic  huiiU  uid  Tcct  -were  cold,  the  pulie  feeble,  aad  the  pttia  la  the  bctul 
was  constant,  ajiil  of  the  moit  severe  cliaracter. 

Th«»  symptoms  ha<I  concinued  for  nearly  forty-eight  honn,  and  in  order  to  ftwrt 
•erious  oouequences  It  seemed  il«  if  in  sonic  way  relief  miui  lOon  be  afTorded.  The 
raetistniBJ  period  wu  ddaj^ed  nearly  two  wcek^  and  to  lUs  ciicumuince  It  was 
posible,  ia  part,  to  aitiibute  the  nlluk.  The  patient  wu  labmitted  to  ihorough 
gmeiAl  foradiution,  imd  immedi&tely  alter  a  galvanic  current  from  ci^ht  cells  wu 
as  nearly  ft%  {loisiblc  loc&liicl  in  the  uterus.  These  efforts  were  foUoweil  t>y  decided 
DUevia.lii>n  uf  the  tymptotnt,  and  a  tolrrablyquiel  night  wa«  the  re*ii!t.  The  mcnuet, 
however,  did  not  appear,  and  on  the  following  night  we  gave  again  the  »»me  tremr* 
tnent,  slishtly  incrauiiflg  tlie  tenuoii  of  ihe  galvanic  current.  Before  morning  men* 
ttruaibn  became  maoifoit,  and  there  was  no  further  evidence  of  nervous  dbturli- 


Neuly  a  year  mbsequently  this  patient  experienced  another  attack  of  like  charac- 
ter, and  tiibslantially  (he  unve  ircatmciit  acain  relieved  her  comjJeiely  whliin  forty. 
cy;hl  houii. 
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ffytltria  of  9Ht  yatr't  uanding  in  a  married  lady,  /oltffu/ing  farttiritivn  ,*  itrangt 
and  ittdffimu  ttntaliiRt  in  the  UgJ  ;  tttkiiug,  erimling,  frieJ^ng,  waving,  t*ai- 
ing^  fouiutiitg,  AfaviHg,  reiHng temaltMU  otter  MmuI  amdb«dy;  imagitiary  tvttU- 
ing  9/  the  tidy;  fitt  0/  weeping  and  great  detp«ndeney-~Rapid  and  deeid-A 
im^ovtmtnl  uititir  ctHtral  gatvamtalion  tuilh  ttrong  eurrents,  after  failure  0/ 
geiural  faradisaliiM^Cod^Huer-oil  tmuhi^n  and  eountrr'trrUiiiian  used  at  tkt 
tame  time. 

Caub  li.— Mrt.  B..  a  married  \oAy,  with  two  chiMtcn,  was  rererred  to  tis  Kotcnt- 
ber  5,  !S;i,  by  Dr,  Cankline,  of  Brooklyn. 

Th«  patieni,  ihnu^h  a  lady  of  unuiual  inl«Ilij<ei)ce  and  great  sirenclh  of  will,  hod 
for  n^rljr  a  year  h«n  ■  viciini  to  many  of  ttic  wortt  iiyinptomK  of  hysteria.  The 
■yrnptuiriii  ap^arct]  (i;n  days  aflw  Ike  liitlU  of  her  scconil  child  ;  up  lo  that  lime  her 
health  li3d  been  almost  perfect.  She  oime  from  a  fxinily  in  whom  tlietc  was  tome 
tctiicncy  lo  consumption,  and  ^c  had  loU  iwi?  gUtm  by  l)iat  tliscMC.  A  short  time 
before  the  birth  of  her  weoad  child,  she  had  {altBn  dowii  stairs  and  bad  struck  on  the 
hack  of  her  head.  The  query  arose  nhcther  that  might  not  luve  hail  something  t4 
do  with  her  dbeasc.  The  symptoms  came  on  in  the  niglit,  anrl  quite  suddenty.  Shq 
became  exccuively  nervous,  almost  wild,  and  ihe  physicinii  was  seiil  for  and  succeeded 
in  calming;  her ;  then  falluwed  a  loau  catalogue  of  woev  On  the  lop  of  the  head 
was  a  oonttniii  wn^niion  of  shaking  or  agitation,  or  thrilling,  as  tha  descfilied  it,  and 
lieaviiis,  rolling,  I>eatlTkg,  wavtn);,  pounding  MnMilIons  were  felt  in  [he  head  and  over 
llie  body.  There  had  been  majiiy  attacks  of  weepinj: ;  at  all  times,  ihouKh  nacufall^ 
hopcfol,  ^e  was  ca»t  down,  atvl  imagined  slic  did  not  love  as  the  should  one  of  her 
children.     The  (general  nutrition,  as  usual  in  such  cases,  was  well  rosintaincd. 

The  patient  had  tried,  vtiih  j^ul  thoroiighunia,  general  faradiulion  but  without 
mbttantiat  wrvicc. 

We  used  on  bet  mainly  tenlral  gahHtnitalion,  combined  with  the  use  of  cod-li*er> 
oil  emuluon,  and  mild  counler-irrilalion  over  tlie  tender  vertebne. 

The  paticDt.  with  all  her  nervtnisncvs,  bore  Ihe  gatvame  ettrrttH  in  enormvn* 
d.vtj:  it  Kcmed  lo  be  impnisiible  to  injure  her  byovcr-elcciriialion.  We  soon  found 
thai  t}ic  stronger  the  corrcnts,  and  ilie  longer  the  applications,  tlie  ereaier  the  benefit. 
Even  throu{^  the  brain  strong  currents,  now  and  then  intempied,  did  no  harm. 
She  aoon  b^n  to  improve,  and  continued  to  improve  not  only  daring  (he  iluee 
months  of  (rcatmeni,  but  »ub«cqueiitly,  and  there  was  in  this  iinprovcnicnt  a  cobmU- 
arable  degree  of  permanency. 


Ill  the  above  case  there  were  facts  of  great  ititeiesL  J^irsty  the  ex- 
traordinary tolerance  in  a  highly  nervous  patient  of  the  galvanic  cur* 
rent;  and  seeondly,  the  supreme  advantage  cX  central  galvanization 
over  general  faradization  in  severe  functional  disea.ies  of  the  central 
nervous  s)'Stem. 

Hysterical  and  analogous  symptoms  are  both  associated  with  and 
dependent  upon  recogiiiitabic  uterine  disorders,  but  in  many  cases,  while 
thefte  symptonrts  may  be  associated  with  and  aggravated  by  such  disor- 
ders, they  arc  not  by  any  means  always  dependent  upon  them. 
26 
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During  his  service  at  the  New  York  Stale  Woman's  Hospital  Dr.  Rock- 
well has  found  (hat  symptoms  of  excessive  nervousness,  etc.,  wliidi  were 
»U|>iJO!.cd  to  be  merely  a  reflex  of  local  derangement,  have  frequently 
yielded  to  some  furni  of  electrii.ilion,  before  any  minifest  cKange  has 
been  observed  in  the  comlilicn  of  the  sexual  ai>[kii:itus. 

HypochsfKiiriasis  [^Patkophohia)  and  Melancholia. — TTie  distinction 
between  tiypocliundriasis  and  tncladdiolia  is  vital.  The  hypochondriac 
readily  appreciates  the  character  of  any  special  disease  from  which  he 
may  suffer,  but  he  has  a  most  exaggerated  conception  of  its  importanc* 
and  of  its  probable  results.  He  talks  much  of  his  symptoms,  and  un- 
ceasingly seeks  relief.  The  melancholic,  on  the  contrary,  possibly  suffers 
from  no  appreciable  disease  ;  or  if  any  evident  slnictnral  or  functional 
trouble  exists  anidc  from  die  recogrii/ed  mental  perversion,  it  is  un- 
heeded. As  Maudsley  expresses  it,  "  the  foniicr  committing  a  murder 
would  certainly  be  hanged,  the  latter  probably  not."  The  tendency 
of  the  melancholic  is  frequently  to  suicide — the  hypoch6ndriac  clings  to 
life.  Intellectual  exertion  is  an  impossibilitj*  for  the  nielftnchoUc;  the 
hyiiochondriac,  on  the  contrarj-,  may  lead  the  highest  intellectual  life. 

The  one  suffers  from  such  perverted  habits  of  thought  and  feeling 
that  the  strongest  and  most  natural  affeclions  may  cease  to  exist ;  the 
other  retains  all  the  norinal  warmth  of  feeling  towards  friends  and  rela- 
tives. 

Melancholia  is  a  more  advanced  phase  of  mental  perversion,  and  to 
this  .-idvanccd  and  mere  serious  condition  hypocliondriasis  nut  unfre* 
quently  progresses. 

There  arc  reasons  fur  believing  tliat  Uic  sympattietic  nervous  system 
is  largely  at  fault  in  cases  of  hypochondriasis;  and  that  if  not  demon- 
strably diseased  it  is  yet  the  medium  through  which  disease  of  the  other 
parts  reacts  on  the  brain,  and  produces  molecular  or  other  disturbance. 

The  t«'o  leading  ideas  that  we  here  desire  to  impress  are,  frsi,  that 
hypociiondriasis  is  just  as  truly  a  disease,  or,  more  strictly  speaking,  a 
symptom  of  disease,  as  dyspepsia,  insomnia,  chorea,  ueuralgia,  i>araly- 
sis,  or  insanity,  and  should  be  treated  accordingly.  The  popular  method 
of  neglecting  hypochondriacs  altogether,  or  of  administering  plaeebos,  is 
not  scientific,  and,  except  in  rare  casci,  is  not  successful.  Seecndly^ 
hypochondriasis,  when  not  dependent  on  serious  lesions  of  the  central 
nervous  system,  is  susceptible  of  relief  and  of  positive  cure  nndcr  the 
skilful  and  faithful  use  of  electricity.  Still  further,  we  believe — and 
the  results  of  our  own  cases  jiistily  the  belief— that  cerebral  disease  of  a 
more  pronounced  character  itself  may  be  relieved  by  eleclricity;  and 
that  that  terrible  form  of  hypochondriasis  which  is  the  precursor  (rf 
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organic  cerebral  disease — the  veeiibulc  That  leads  to  the  dirlc  and 
glooiny  caverns  of  insanity — may  be  controlled  or  kept  at  bar  by  a  per- 
severing electrical  treatment.     (See  chajjlcr  on  Insanity.) 

Treatment. — In  hypoehonJtiasis,  general  faradiiatioi),  central  gal- 
vaniiation,  and  galvani/.acion  of  the  ccmcal  S)7ii pathetic,  arc  indicated- 
We  have  obtained  good  results  from  .ill  methods,  though  most  of  our 
cases  were  treated  by  the  first  and  second. 


I 


I 


Hjfotli«H4riQiis,  vfitk  impairmuitt  ff  the  fuiutioHt  of  tfittLti  uhu — W^aJUtui 
mtmory^Sentery  lym^omi  in  lif  txIrtinitUi^  with  tamt  t«ii  af  mi.-<i«r  ptfwrr^  tht 
rtSHtt  ef  t-xtriiift  mental  tietivity,  and  JrfiertJeHt  in  part  on  slight  eerrhvl  t-mgtt* 
ticn — TmprcvemtHt  under  gtntrat  fareulitaliim  and  ttntrai  gahfanitatisn — Rt- 
tafte. 

Cask  II]  -'Mr.  M.,  an  sicior  of  iweuty  years'  ttnniUnj^  was  placed  under  our  cmrfl 
by  Dr.  F.  l^  Ilarrit.  The  jialieiil  wa*  a  (etnperate  miui,  *iul  ta  iai  n  Iii<i  profcnioD 
perniittcd,  t^ilar  in  ilt  his  habits :  but  the  cliaractcr  of  his  cngagcmenis  bad  rendered 
it  BOMfsary  for  him  to  exerciM  hii  memory  ihroueh  a  Mri«3  of  yevs  to  an  unusual, 
Utd  as  lh«  Kcqiicl  [OnytA  to  a  mo^l  injuhoiii,  extent.  'J'wo  months  prior  lie  b«'gnn  lu 
obwrvc  that  lus  intcUccCuAl  powert  were  failing  him.  tlii  memory  ticcanic  mi  tni* 
pMicil  and  111*  llnju^hti  w  confiucd,  lliat  he  found  it  utterly  impouible  to  "  commit " 
•nythini'  new,  ot  to  recall  readily  certain  "parik"  that  had  been  long  perfectly 
{■miliar,  lie  wat  hypochonilriacal  lo  ihe  but  dcgre«,  atiil  at  the  lame  time  bl»  bmb« 
became  uealc,  aud  he  cumpUiiie<1  uf  i>enM>ry  ^mptoms  lo  ibe  lips  of  the  finKera,  much 
the  »ine  a«  ttio^  preMOC  after  frDttbilc.  The  integrily  of  mo»  of  the  komswu 
markedly  Impaired.  Under  seances  of  j;cnetal  faiadiiation  ai;il  central  Kalvsnizaiioii 
the  annoying  sensory  «/mptonu  diMppeucd ;  he  gained  entire  mulery  over  hit  limbf^ 
ukI  «ru  more  hopeful  and  happy  ;  his  sirength  of  ntton  became  neirty  nurmal,  and 
when  ire  last  law  him  Ihcre  lud  Itecii  MiIDaenl  improvcnteni  in  hii  inlcllectua]  focul- 
lie*  lo  enable  him  *«cco*fuily  lo  attempt  a  performamn:  on  the  »tage.  Wc  learned 
that  dnriii):  an  attempt  lo  perforin  on  a  «u1)«e<|uent  occsision  he  became  i]utte  unable 
to  pwrtue  his  part,  and  was  l«d  off  the  Mo^-e.  This  wa&  suQicieiit  to  (how  that  re* 
covery  m-u  not  complete ;  a*  to  hii  condition  after  tlii»  we  arc  uninforTacd. 

J^tAfl/Mia — ItHfrffaeatenl  under  general  faraditatian  and  etnlral  gatvaniuttien. 
Ca>K  IV. — A  very  bvurable  result  was  obtained  in  llie  petsom  of  a  yourig  man 
a|[ed  25.  Al  all  h»ur«  nf  (he  day  he  was  annoyed  by  linnttuK  aurium,  and  what  to 
him  wenicd  an  audible  voice  tellini;  him  of  evil  to  come.  We  iubmiiied  him  togen- 
eral  ftpplicalionii  of  a  powerful  fanullc  cutrent,  and  alto  to  uccaslt^nal  i^lvaoixation  of 
the  brain,  cord,  and  symiiathciic  Some  improvenient  followed.  The  mo*t  deddcd 
benefit  itas,  h.iwewcr,  tierivcd  from  the  melhoii  of  gatvano-faradiMlicin.  The  faradic 
current,  full  strength,  from  a  Kidder  apparatus  and  at  the  »ame  lime  the  galvanic 
cnrrenl  from  fifteen  celU  of  Bun'icn's  balLuty  were  passed  throogh  and  around  the 
body  by  the  method  of  general  eleclriuilion.  Impfirenient  wa*  now  remarkably 
rapid.  In  the  courw  of  half  a  do/en  apptkaibns  every  unpleasant  symptom  disap- 
peared, and  the  patient  has  since  remained  perfectly  free  from  any  evidcoce  of  tlicit 
return. 
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Mtlamkfflia  ff  twp  ynrf  ttanJing  in  a  young  marritd  hdf—Comf^ttt  rtewerf 
under  etHtral  gahanivition    a/ltr /ailure  o/  fertulemt  inttrmai  mtditalien 

Case  V.— Mrt.  V.,  %  married  woman,  >£ed  tweaty-Ave,  came  firu  nndcr  oar  ot>- 
KsraiioD  October  S,  lS;t,  Sii  the  leveiilli  muntb  of  her  i^regniDcy.  Her  mental 
conation  wai  lamenubleinihe  cxtTcTne.  ThcrewoschieHya  perversion  of  ttie  whole 
habit  or  tnanncr  of  feeling,  sucli  as  so  frBf;uentlv  follatrs  actual  intdlectnal  derwnee- 
ment.  She  confessed  and  bewailed  her  w-ani  of  interest  in  or  love  for  ihoae  who 
were  nenresl  to  her,  antt  eriilently  siiRcred  mntt  inteoMl^  frnm  a  prnfnunri  feeling  of 
dcprcmoa  and  tniKTy — a  vast  and  formless  idea  of  utter  dcwIalioQ.  The  patient 
ifipTcdated  her  ci^ndiilon,  would  reason  oonccfniog  it,  oiid  acknowledge  thai  (liere 
was  noihlns  teal  to  which  she  could  piint  as  a  caute  of  her  misery. 

These  wrciclied  feelings  were  not  altogether  new,  but  for  over  two  years  haii  In  a 
modified  form  annoycl  her  coimdcrably.  Biticn  slightly  by  a  favorite  dog.  she 
merged  immeillately  into  a  condltliMi  ihaC  roay  be  called  hypochondriacal  melaudio* 
lift,  uiih  on  «xa^<-.rAted  notion  of  tbe  danger  ihe  had  incurred.  She  had  been  treated 
per^isiently  bni  without  avail,  and  as  a  dtrnUt  rtuori  general  faroriiution  was  at- 
tempted. It  ttUerly  faile<)  in  Its  etTccli,  and  in  good  faith  the  paticut  was  encouraged 
lu  hope  that  witli  her  delivery  her  mental  balance  woatd  relum.  Tlie  cliild  wai 
horn,  and  three  months  tutweijuently  I  wns  agnin  called  to  see  the  mother,  only  tO 
lind  her  condiiion  more  ^gravaied  ihnn  at  any  previous  time.  We  now  resolved  Go 
make  use  of  ccRlral  galvuiicattDn,  and  emploj-ed  a  current  from  six  ot^inary-uzed 
line  carbon-ccUs.  with  a  utting  of  four  minuteiN  The  patictil  wu  not  at  all  imr 
iwoved  by  the  seauct,  but  teemed,  if  anything,  slightly  tnore  senacive  to  extenul 
improuons. 

In  a  cou[,ie  of  days  the  same  application  vras  again  tried,  with  the  evident  result  of 
decidedly  cXLiliui;  her  mind.  A  (bird  effort  was  made  wtlh  but  Ihtec  cells,  from  which 
the  imrTcrit  wai  jiut  lufhctent  in  temio-n  to  call  into  action  the  seme  of  laite.  From 
(his  trial  tbc  patient  cxpcricnctKl  undoubted  relief,  and  ai  iatcrvals  of  a  day  the  ap- 
plication, without  being  varied  except iitc  in  the  length  of  the  ^m/,  wasKpcMed  br 
some  two  months.  Although  during  the  treatment  two  or  three  slight  relapse*  oc- 
curred, yet  on  thewhiile  the  improvement  was  steivly  and  satisfactory,  and  at  the 
dose  oi  the  "central"  Itealtnent,  when  she  was  placed  entirely  in  the  care  of  Dr. 
William  J.  Donor  for  oterine  difficulty,  her  recovery  was  complete. 

.Neurasthenia,* er  N&Tous  Exhaustion. — Thederivation  of  the  term 
neurasthenia  is  sufficiently  obvious.  It  comes  from  the  Greek  word 
vctftw,  a  nerve  ;  a,  privative  ;  and  oOivoi,  strength  ;  and  therefore,  being 
literally  interpreted,  signifies  want  of  strength  itt  the  nerve.  Under  the 
name  of  general  debility,  it  is  a  condition  sufficiently  familiar  to  every 
liractieing  phj*sician,  and  tuo  frcqiicnlly  resists  most  obstinately  &lt  formi 
of  internal  medication.  It  is  not  to  be  confounded  with  anxmia, 
though  it  may  be  associated  with  it. 

The  one  principle  on  which  neurasthenia  is  to  be  treated  is  by  the 
concentration  of  all  possible  tonic  influence  on  the  nervous  system — 
■ir,  sunlight,  warer,  food,  rest,  diversion,  tnttscular  cxerdjte,  and  the  in 
*  Sec  monograph  aa  this  subject,  by  Dr.  Beard. 
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lemal  administration  of  those  remedies,  such  as  strychnine,  phosphorus, 
arsenic,  etc.,  which  directly  affect  the  central  nervous  system. 

EUetrital  Treatment. — General  laradizatioii  aiKl  central  galvanizatiua 
as  ao  adjuvant  Lo  lelieve  more  directly  the  symptQins  of  inH>mnia,  head- 
ache, etc.,  which  are  so  frequently  a&sociated  with  neurasthenia  or  after 
general  faradization  has  Tailed. 

The /ro^'SOJM  ii  usually  more  or  less  favorable.  In  nearly  all  cases 
of  uncatnplicatcd  neurasihenia  general  faradization  alone  proves  deci- 
dedly and  sometimes  rapidly  efficacious.  Beneficial  results  from  eilliei 
thia  ineiliod  or  ccntr.il  ^alvaiii^catioii  are  so  uniform  in  this  condition 
that  we  have  reason  to  suspect  some  unrecognizable  organic  disease 
in  those  cases  that  give  no  evidence  of  improvement  after  protracted  treat- 
ment. Even  the  complicated  forms,  that  are  the  result  of  incurable  dis- 
ease, may  be  much  relieved.  The  cases  that  fail  to  be  benefited  by 
electrical  ireatuieni  ore  those  of  lifelong  staiidiitg,  ot  in  which  the  tem- 
perament contraindicatcs  electrical  trcatmeiiL 


IffmraHitnia— DtMity  and  attaeii  of  lieh  htaJaekt—tmrntdiait  and  rapid  tm* 
frwanent  undtr  gtnrrai /iiradi%atioH — Rapid  imrtait  in  wfigJiJ. 
Case  VI. — The  power  of  gearral  fandiuUlon  to  relieve  neurAstJienia  and  locktue 
increax  of  weight,  was  illuitrated  in  ■  very  plcumng  and  tuttUfaclory  niknner  in  the 
cue  of  a  young  phyuciAU  vrhoiii  wc  have  Ircul^il  during  ihc  auluinn  of  il^6c^  Ha 
wai  28  fcirs  Kit  .14^,  Hid  fur  «  lo»i{  liiii«  lie  liaJ  been  subject  tu  Mrere  and  lepeated 
Itiocks  of  nervous  and  tick  hcadaclic     To  use  Iiis  ovm.  vxptadoa,  lie  had  been 

»  "living  on  &  lower  plane  than  was  uormol."  Ovcr-woik  luJ  long  eoil£lMmMt  had 
reduced  him  to  a  conJilioo  of  iciioua  cxliatuiioii,  and  nhcn  he  coDad  iipoa  us  in 
Scplcmber  he  couLd  not  wilk  two  miles  wUhotit  fatigue.  Aithongh  5  feet  9^  inch» 
in  hcichi,  he  weighed  but  112  pooncl-s  and  for  mnor  months  there  hed  been  no  sign 
of  any  increase.   He  had  oloscljr  studied  his  own  case,  had  been  Ihoioughly  cxamiaed, 

^B  Bsd  had  tried  nearly  every  form  of  lutMonl  meOicniiun. 

^P  We  began  Ircaimenl  by  a  milU  anil  general  applicalton  with  the  faraJtc  current. 
lie  felt  tempornnly  cnlivenecl  and  cxbiJaraied,  buc  when  ho  relorned,  two  da)')  tub- 
■eqncntly,  he  uated  iliat  he  felt  do  special  beuefit,  alihooeh  lie  had  ifaiaed  oneia// 
«  pound  in  vtigkt.  TliU  change,  slight  ax  it  was,  encouraged  him,  for  it  had  been 
months,  and  yean  even,  since  he  hjid  been  able  lo  detect  any  increase  in  wcighl.  We 
Btqr  lay  here  that  he  watched  and  studied  his  ^mptonu,  and  carefully  aKercoincd 
his  weigbtf  fiom  day  la  day,  not  as  a  hypochondriac  at  all,  but  as  a  Kienlllic  nun, 
inspired  not  by  any  special  faith  in  the  remedy,  but  by  an  eamot  drtire  to  tett  for 
blnuHf  the  tonic  effects  of  general  faradinliun.  He  continued  (o  increase  in  weight 
with  leinarVable  regularity  aiwl  oaiformlty,  and  at  the  end  of  three  weeks  lie  .'ouod 
thnl  he  had  increased  nine  pounds.  When  we  last  t«w  Hm  bis  weight  was  t34 
pounds.  Tbe  unpruvcment  iti  his  general  condition  had  [^one  on  hand  in  hand  with 
the  incicase  in  weight.  His  appetite  was  koeoer  and  his  digestion  much  ea^er.  Hit 
attacks  of  headache  Mill  annoyed  him,  but  his  capacity  forendurance  h&d  been  gicatlj 
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CBUiged.     Withiii  the  lut  two  yean  welnrned  from  the  pfttient  htmsoU  that  btbad 
soffcred  no  nUpie. 

Id  ilib  cue  the  applications  were  mode  very  Ihorflughl/  all  over  (be  penon,  from 
the  lop  of  the  head  to  the  feet,  and  wilb  a  powerful  airrcnt.     Holh  (he  fumdic  an4 
gslvuic  cuncDtS  %(crc  u«r«i,  chicflj  rhe  faradic     It  ts  worthy  of  remark,  also,  that : 
this  palicflt  always  experieaceil  a  reeling  of  temporary  eittivcfiment  and  cihilaratiaitl 
after  eacli  ajipltcaiion,  xaA  vtmciinm  the  headache  from  whicli  he  mffiercd  waadriv 
away  in  the  oiuUl  of  Oic  trenltiicnt. 

W«  may  wy,  aUo,  tbai  when  )ie  first  came  we  prescribed  OMit  of  tiac,  by  rxtlM' 
tifH,  becau!>e  he  had  tucd  neatly  crcry  other  internal  totik.  He  took,  however,  but 
two  or  three  doses  of  one  grain  each  for  the  dm  day,  dropping  it  entirely  as  won  as 
be  found  that  he  had  incrca^  half  a  pound  in  weight. 

The  above  case  we  rcgirdcd  as  pre-ciniricntly  a  typical  one — a  tj'pical 
illustration  of  neurasthenia,  and  of  the  benetit  tliat  may  be  received  from 
general  faradization. 

tttnriutkmia  in   a  filetiork  fiitirmi,  rausfd  hy  extmivt  apflUaliott  I&  hiitintu^^\ 

Slow  imfnn-rment  amJer  gatvanitati»n  vf  tht  ftrviiat  sympathfiU  and  gtneraty 
faraditaiieH, 

Case  VIL — Mr.  A.  wu  a  ^orl.  slout,  and  ranaikably  plethoric  man,  seed  6a. 
Through  hiK  active  buunne  life  he  had  confined  Himself  mosi  clowly  to  hi;  duiie% 
Kldom  taking  a  day  for  rocreMion,  even    during  the  heat  of  suminer.     Nioeteoi 
years  since  he  retired  from  hu*ine*iwith  greatly  tin paii^l  health  and  strength.     Ic 
was  thought  that  perfect  freedom  from  all  care  would  be  sufficient  lo  TCftore  hit  n*ai 
tivc  ngor  of  conMiliilioii.    On  the  contrary,  he  gained  but  little,  if  any.    Hiagrueral] 
•iqicaraace  was  tj^picalof  petfci^t  hcaJib.  but  ordinary  cicriiun,  either  mental  ut  phy>1 
tical,  waa  sure  to  produce  exhaudion.     ffit  pulse  tom  mifrmat,  and  tlie  palitnt  ■ 
ptHhvrie  ralktr  thut  aftmie.     It  wa^  imi>awib]e  for  him  lo  read  more  than  ten  or 
fifteen  minute*  without  becgmtng  icstlets  and  excessively  ncrvons.  ttid  cxcrciK  in 
wallcing,  to  the  extent  of  a  doien  blocki  or  so,  would  frc<|ucutly  produce  complete 
proHntion.     Hit  uleep  at  night  was  broken,  anil  sometlmei  entirely  de<droyed. 
There  wu  not  Che  nlighte^t  evidence  of  organic  dtwase^  but  the  whole  nervous  f]r»>j 
tern  neetned  (o  be  unstrung.     He  had  nibmitted  toalmott  every  method  of  tonlo'' 
treatment,  both  medicinal  and  hygienic,  but  h»<I  seldom  expetimced  even  temporary 
relief.     We  felt  jintificd  in  encuuragioi;  him  to  hogie  for  favorable  remits  from  treat* 
ment   by  cleclrizalion.      With  admirable!  perieveianM  and  promptnrv  he  continued  tO 
vidt  UK  for  two  month*,  never,  in  a  dngl«  Inslince,  failing  to  keep  an  appointment. 

At  lirsi,  general  appllcatlou  wEth  ihe  faraillc  cnrreiit  were  given  every  other  dajh  { 
At  each  letting  he  *eemecl  ntucfc  Invigorated,  and  for  several  hoars  he  experienced  M 
d^ree  of  Mreogth  and  lightness  of  spirit  nich  at  he  had  been  a  stranger  to  for  yean, 

Thew  effects,  iiowcrer,  *ccmcj  but  [emj-uiary,  fur  the  old  lassitude  invariably  re- 
turned; caDSe<iuently,  after  three  weeks  of  treatment  with  the  faradic,  we  resiwted 
lo  a  weak  gnlriuiir  rurrent. 

The  negative  pole  wst  applied  to  the  epigastric  region,  and  ihe  positive  to  the 
lliack  of  the  neck,  ne^  the  seventh  cervical  veriebra  aiid  also  along  the  ulterior  border 
>[  (he  scalenus  anticut  muscle,  in  order  (o  affect  more  thoroughly  the  great  tynw 
Bibelic  anil  pncumosastric^ 
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SpMge  clccltodei  were  lued,  uti  Ihe  ap|)licalions  were  proioR([«l  sufGcientlf  t« 
produce  ttn  inlciue  leilncm  aiiil  on  acute  burning  •cii^tion  under  ibem.  Bjr  thii 
itiClhod  the  iininnliju«  clTn:l«  were  not  *a  marked  a*  when  the  fanidic  current  woi 
oaail,  tiMt  ch«  relkf  alTorcJed  wa«  niorv  permMicnt. 

Fur  iIk  fiiiit  litae,  IiU  U«ep  became  mure  quiet  and  uiuiid,  and  during  the  day  lot- 
lowing  iui  spplkaiioa  liv  •>»  able  to  cxeiciK  Wth  mind  aiid  body  harder  and  lon]^ 
tlub  iiaiiJd.  He  now  uiluntcKd  10  ircAliDent  by  s^lwiization  evaydsy.  Wrdc 
'by  wttk  be  gained  very  percepiilily  in  vignr,  until,  ar^er  having  received  ihc  galvAnifi 
cuTcnt  WfDC  tvTenty-1i»c  limes  he  left  ii*  lo  spend  llie  lummcr  tnnnChi  dmong  th» 
nvuittaiiia.  He  did  not  di«ciJJ)tinuc  Ircalmcnt  with  a  ncrvout  tyMccn  ]>errcc1Iy 
tftrenglhened,  Inil  lie  bad  Trained  ftppruiimalety  llic  usual  puiliou  of  EueiiLal  and 
phjrncai  enduraiicc  enjoyed  by  persons  of  hit  yean.  Wliereas,  before  ireattnent  by 
ciccuimion,  be  wa»  not  able  to  walk  half  a  mile  witlioai  fntigue,  nor  fc^d  more  than 
ten  ar  fifteen  minutes  wiiliout  tulTcrlng  from  ner\-ou.i  initability,  after  Ireninient  he 
cnJAyed  and  derived  beitefit  from  wilting  several  milcti  in  the  day,  and  could  confine 
biinKtftu  a  book  for  on  hour  or  twD  without  cspeiieRviug  any  symptumi  of  mental 
exhaiuliun. 

At  llicdjite of  writing,  1874,  the  patient  cnjoyi  a  fair  degree  of  health,  and  claimi 
to  hav«  retained  oIL  the  beiiefil  he  derived  fmni  cceaioieni. 


Iftvrtutktnia^  ttmphtaitdyeitktnttmia,  ^tpepsia,  spina!  irritalien,  and  hyp^hfit* 
4riattt,  trtatti by  general faraditi^iatt  and einlrai  ga/iMttiaatun — Improvement 
tHd  lu^eftKNl  reUpte. 

CASitV[n.~Mr,  E.,  a  tall,  tpaie  mart,  aged  about  50,  w&  sent  tons  by  Dr.  Gurdoo 
Buck,  He  wtu  a  c'^'i' '■''"'>"  of  wealth  and  Idxure,  and  for  Kreral  years  had  bccrii 
entirely  free  from  any  of  the  cares  of  act  ire  buuncu  life.  He  was  frequently  troubled 
with  indigestion.  At  limes  he  would  Kcin  lo  rc)^tti  v>n)e  r^or,  and  would  eiter> 
cite  to  a  conwlerable  extent  without  ex|)eriencing  inconvcnieiire,  but  as  a  rule  Lite 
tnoU  ordinary   nieriial    or  phynLjl   exertion    was    follutred    tiy   exiicnie  exhiiii»li«ai, 

■ipt  iu  the  lumlur  regloti  of  the  back  were  of  frequenl  oH:currenc«,  especially  aflei 
' IwadRg  a  deeplea  night.  There  wat,  however,  no  spinal  lenderncvv  lie  u-n*  a  good 
l>tromeler~an  cast  xrind  would  olniuM  drive  bini  to  tk^pair,  and  k>  lung  a,  it  luited 
he  could  hardly  imixter  Urengtb  or  indtnatian  to  leave  hi«  couch.  Aswonaaths 
trind  duuigcd  and  the  sim  appeared,  he  obwrved  an  Immediate  amelioration  of  hb 
^eadfully  deprcMed  condition. 

Our  patient  npeiicnced  Che  eahilanitii>ii  that  *o  frequently  folluwft  a  general  ap- 
plication of  the  faiadic  curicnc 

Although  at  fint  ihtt  invigoration  wa*  of  but  temporary  duration,  llie  effects  of  tht 
Ireatmeni  were  giuiiialty  piotonged  after  each  titling,  until,  in  a  much  diorter  time 
tliau  is  usually  the  case  In  conditions  such  as  the  one  under  con  filler  at  ion,  ilie  patient 
enjoyed  a.  goud  il«gree  of  henlth. 

I>aring  damp,  enervating  daj-s  e^iecially,  central  galvaniiation  prevented  exl)a>iji> 
tion  far  more  succcsofully  tJun  faradicaiion.  The  pnlictil  letttiiicd  the  nervou*  vigor 
that  he  liad  gained  fur  moiiy  montha ;  Mibitei|uently,  tiowc\er,  he  rdap«cd,  and  again 
binuelf  under  our  care.  I  Ic  wu  do;ide<Uy  benefited  by  this  sri:ond  couiie  o( 
trealmcnt,  but  not  lo  the  ume  extent  as  at  fir»t.  When  Inm  *«en  be  had  retained  fl 
measure  of  improTemcnit,  but  was  eatraatdiuarily  tutceptilile  to  nlmocphenc  ehaaga^ 
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Ntnmu  txhatutien  of  hng  itainiingy  atttriaUd  witi  sevtrt  Hturaigia,  Sitgil  re- 
Ji'i/  a'ur  ing  two  moitlkt  9/ genrrai  /.trjJiaaJicH — A/crr-rffetlt  ef  tht  trtatmtnt, 
niatifetlt4  iy  rapid  impriKienuHl  in  aii  ktr  tympifmt.     (:>«  p.  194.  > 

Cass  IX.— Mrs.  B.,a]ruiing  tnirricd  Udy,  haJ  for  a  loDg  time  tuficrcd  mo«t  in- 
teniely  from  pjitn*  of  3  iicunvleic  c!iar«cter,  Tlieh«a<)  wanthc  (cat  of  gre«l«t  snllt^r. 
Ing,  although  the  diMrcn  atcndcd  with  mote  or  lc»  MTcnt)'  to  every  part  of  the  \>oAy, 

Her  Uren|rtb  w^  much  reduced,  ki  thu  she  wau  tiii«qiul  lu  the  iliglilot  exerLi'Mi 
beyond  a  few  onlinuy  houudiuld  dutiis  uid  an  occasional  walk  in  Ihc  ktrcct  of  oiie  or 
no  blocks  Xot  the  iJightcst  evidence  uf  orguile  ditcaM  could  be  discovnod  by  her 
libjucLuif  Dr.  Ucorsc  A.  Fclcrs,  who,  bavine  Gceintn|;Iy  exhausted  the  nsoiirca  of 
mciliciuc,  ic<iiic:>tcil  ui  to  try  itie  eRicacy  of  same  method  of  elect rirat ion. 

As  the  entreme  dchUiiy  wu  evidcuily  Ihc  proumate  cause  of  the  neuralgia,  we 
Iccidcd  upon  gciK^ral  ^adiution  as  the  proper  method  of  treatment,  and  accordingly 
submitted  ber  to  a  very  gentle  ap|dicalion.  She  wsb  one  of  ihow  paitenti  frequently 
cocounieie^l,  who  are  v>  tuK«ptible  to  tiie  current  that  It  was  our  urn  to  give  of  tba 
electrical  Influence  tlie  mtnhnuia  thai  could  be  actually  felt  by  the  paiiait,  nuber 
than  Uk  najiimuin  that  it  wu  pusubic  for  bcr  to  bear  without  decided  diiconifert. 

During  the  months  of  Oclobci  and  November,  iSjo,  we  gave  thirty-nx  applicatto*^ 
which  somewhat  leuened  tlie  severity  and  freq^iency  oT  the  pain,  withonc  apprecJaUy 
iiupioviii£  her  ^trrn^th.  We  proposed  Co  her  phyncinn,  ihercfdre,  to  (llicoEittnue  ow 
efforts  fur  a  while,  liupbff  that  the  favorable  afler-dlecti  of  elect rizatiou,  (hat  ar« 
•O  often  wen,  would  ihow  tbctniielves  in  tbi>  ca>c.  We  were  nut  disappoiiltail. 
Tlie  patient  toon  bccan  tg  amend,  until  the  improvement  was  mu'it  marked,  botli 
in  the  almost  complete  cessation  of  the  neuraljjia  and  In  aa  appr<;>»xtuite  retura  of 
normal  strength. 


Spinnl  Irritation. — Spinal  im'talion  Is  one  of  those  names  which,  like 
hysteria,  have  become  the  recognized  property  of  the  profession,  ajjainsi 
llic  actual  or  uiiplicd  protest  of  nearly  all  who  eiii}jluy  it.  Il  is  a  part 
of  the  hysterical  constitution. 

The  term  spinal  irritation,  originally  proposed  by  Dr.  Brown,  of  Glas- 
gow, and  described  and  illustrated  in  detail  by  G.  T.  P.  Teale,  in  1829, 
and  the  Griffin  Brothers  in  1844,  is  now  pretty  generally  understood,  in 
England  and  America  at  least,  to  express  a  tolerably  well-defined 
morbid  condition,  of  which  one  of  the  piiiicipal  syinpiotna  is  spinal 
tenderness. 

J^ifferential  Diagnosis. — Spinal  jriitation  almost  always  forms  a  part 
of  hysteria  and  neurasthenia,  constituting,  as  it  were,  a  subdivision  or 
accompaniment  of  them,  and  is  only  entitled  lo  the  honor  of  disrinct 
nomenctatiire  by  itself  whfn  the  spina!  tenderness  and  the  symptoms  that 
direetiy  fi>ru!  from  ii  evtrshadiyw other  accompanying  eondUians.  Close 
examination  would  reveal  that  very  many  of  the  cases  in  prju:itcc  that 
are  variously  clasitilicd  undc;r  hysteria,  anxniia,  etc,  have  a  ButDciently 
marked  tenderness  of  the  vertcbrx  to  be  regarded  as  examples  of  ^ina] 
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irritation;  and  if  treated  accordingly,  would  recover  more  rapidly  than 
under  the  methods  usually  employed.  The  best  confirmation  of  the 
dia^osis  is  the  very  favorable  result  of  judicious  and  varied  treatment 
devoted  siH-'cially  to  the  tender  spots  on  the  spine. 

Between  spinal  irritation  and  spinal  meningitis  or  congestion  the  (^• 
tinction  is  oftentimes  purely  one  oi  pertnanenet  and  degree,  in  both 
conditions  there  may  be  pain  and  heat  in  (he  spine,  neuralgia  or 
paralysis  of  the  lijnbs,  plaaitar  heat  and  ameslhesia,  cumitipatiuti,  feeling 
of  pressure  or  constriction  in  the  chest,  and  stiffness  of  the  neclc,  etc. 
It  is  distinguished  from  niyelilii)  by  the  absence  of  other  necessary 
symptoms.  I'lic  contractions  of  muscles  in  spinal  irritalioo  are  less 
painful  than  those  of  myelitis, 

J'atAalogy. — In  spinal  irritation,  as  in  cerebral  irritation,  it  is 
probable  that  there  maybe  either  aniemin  or  hypenemia.  That  many 
of  tlie  cases  of  sjjinal  irritation  depend  on  passive  hyperemia  of  the 
cord,  ift  rendered  probable. 

1.  Jiy  the  feeling  of  heat  and  burning  at  the  seat  of  the  irritation. 

2.  %  the  fact  tlut  this  pain  is  increased  at  night,  when  the  patient 
is  in  a  recumbent  position. 

3.  By  the  fact  that  it  i^  relieved  by  measures  that  relieve  congestion, 
as  dry  and  wet  cupping,  and  by  blisters  over  the  lender  vertebr<e. 

On  the  other  hand,  reasoning  from  analogy  and  from  what  we  know 
oflberelaiion  of  tlie  sympathetic,  il  is  proper  toassume  that  anicmia  may 
account  for  many  of  the  phenomena  of  spinal  as  of  cerebral  irritation. 
This  a*stmiplion  is  strengiheucd  by  tlie  fact  that  very  many  of  ihe  pa- 
tients who  luve  spinal  irritation  arc  more  or  less  anaemic.  And  yet, 
reasoning  from  the  history  of  the  cases,  atid  from  the  results  of  treat- 
ment, we  are  luclined  to  the  opinioa  that  auiemia  exists  only  in  a 
minority  of  the  cases  of  spinal  irritation ;  that  in  the  majority  of  instan- 
ces there  is  more  or  less  at  least  temporary  passive  congestion  of  the 
cord  and  of  iu  membrane  ;  and  that  in  all  cases  of  doubt  it  is  safe  to 
assume  the  existence  of  hypcrcemia,  and  to  guide  the  treatment  accord- 
ingly. 

It  is  not  necessary  to  assume  that  this  bypersemia  uf  the  cord  is  a 
constant  condition.  Kxcept  in  ihe  severe  and  long-standing  ciscs,  it 
is  probably  not  so,  but  is  more  or  less  evanescent,  temporary  and  me- 
tastatic. This  may  disliuguish  it  from  spinal  congestion,  which  is  a  lixed 
condition.  Temporary  congestion  of  the  cord,  as  of  the  brain,  the  geni- 
tals, the  eye  and  the  ear,  may  perhaps  be  eoiily  excited  by  irritating 
causes.  It  is  not  unreasonable  to  suppose  Uiat  anaemia  and  hypenemia 
may  alternate  in  the  patient,  and  in  the  tame  day  or  hour. 
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Elceiftc  examinaiwn  in  spinal  irritation  ma/  sometimes  reveal  ten 
der  spots  on  the  spine  that  are  not  itidicated  hy  iiressure. 

Treaimettt. — Electric  treatment  consists  tti  general  faradization,  gal 
vaniiaiion  of  the  spine  and  syni|»alhctic  and  central  galvanization. 

Our  experience  in  a  great  number  of  cases,  since  the  hrsl  edition  of 
this  worV,  convinces  us  that  in  galvanization  of  the  spine  the  jKisitivc 
pole  acts  hetter  than  llic  negative  in  the  treatment  of  this  affection.  To 
deijcnd,  however,  on  localized  galvanization  alone  is  illogical,  since  the 
disease,  though  for  the  time  sjiecially  localized  in  the  spinal  cord,  is 
usually  sin]ply  but  a  develupmc-nt  or  manifcsLation  of  the  ncrvoua 
diathe^s,  in  which  the  whole  system  shares. 

/yognosis. — Under  electric  treatment  alone,  the  prognosis  of  s^nnal 
irritation  is  usually  favorable  for  a  relief,  and  sometimes  for  permanent 
cure. 

It  is,  however,  of  great  advantage  in  all  severe  or  long-standing 
cases,  to  combine  with  electrization,  counter-irritation  {very  small  blis- 
ters, or  tartar-emetic  ointment)  over  the  sensitive  vertebne,  ajid  the  in- 
ternal administration  of  phosphonis  or  other  stimulants. 

Comparative  rest  of  bniii  and  nniscles  is  an  important,  though  not 
indispensable,  aid  to  Treatment.  The  disease  is  quite  prone  to  relapse, 
especially  under  had  hygienic  surroundings.  Under  combined  treat- 
ment, consisting  of  Misters  to  the  spine,  phosphorus,  strychnia,  and 
electrization,  the  majority  o(  cases  will  rapidly  improve. 


Spinul  irritoHan  of  fatir  ytarf  stattdtng^  xoilh  exceuivt  Umitrmtts  in  tkt 
rtgiom — DteidfJ  rtlief  from  gtiurtU faraditattan. 

Cask  X. — Mrs. ,  «gc<!  Z4,  was  sent  to  us  January  4, 1868,  l>7  I>r.  Sewall  to 

be  trealCid  for  pain,  with  muit  cucosivc  tenJemew,  ower  the  Inmtiar  reriebra;.  Tbc 
fpaptons  hAcI  liccn  parlirululf  dUtreuing  ^ce  Iier  confinemeat,  two  montht  pre* 
vUnu,  but  bul  annuycil  her  nioic  ui  loco  fi>r  four  yearv  UnitiKi  with  thU  (pinzl  (ea- 
dcmtts  there  wa«  coRM'Icrable  debility,  tliat  made  a  walk  of  hnlf  a  mile  k  LukIcd; 
gaslric  unciuineu,  fwbic  appetite,  ijuumnU,  and,  in  paterd,  tlie  characiemlic  lea* 
tuns  of  the  Dcrvons  conslituiJoiL 

Eitftrii  examiHolioH  revealed  a  itry  gTCAl  tendenwe  over  sevcnU  o\  the  lumbar 
treriehne ;  only  a  feeble  current  coultl  lie  home  at  all,  tvta  with  tares,  aofl  i^xutfek 
No  Other  abnomtal  condition  wai  foiiml  beyond  a  geocnJ  hype  not  hcsia,  whicb  ii 
Ufoal  in  such  c*w«.  The  tcndcmcst  wu  »o  great  that  ev«n  tl>c  weight  or  the  hud 
wu  di>tTcu)»Kly  painTuI. 

We  \xzan  trcatmcnc  by  genoal  Eirailiiation,  with  Rpccial  reference  to  the  lender 

spot  in  itie  .%pine.     At  this  locality  we  ui«'l  a  titnble  incrca.iing  turrcnl,  beginning 

w'lh  a  ciitrent  scarcely  perceptible,  aud  intrcaMiig  ihc  *.tTcne1h  up  to  the  point  whrr* 

it  cooH  be  comfortably  bunic.     TliiC  patient  ^lortly  improved  UDder  this  irealmcot, 

I  tluNifk  not  witliout  relaptca  whenever  «he  s.tteni]ilcd  any  iinpi>rtanl  exertiun.     Fri>iit 
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veeh  to  week  the  imdenteB  becaiae  Ics  marked,  until  (he  v«rlebrj:  were  tio  tonga 
Winrnl  under  Tncxlerate  prenure.  and  a  much  more  powerful  (.-nrrciil  conlt)  be  bora* 
trith  ewif.  Agreeable  tcinpor&ry  reltd  followed  cadi  applicHlion— on  obwrvatioa 
which  we  have  frequently  iii;ulc  in  iyAtini  imUtidn. 

Al  the  end  of  two  months  the  pattenl  wu  dumiiaed  very  mncfa  ben«6tcd. 

Hyptrmttkf$ia  of  tht  itrvkal  and  tif fur  lumbar  vfrSr^ir  (atttrJ  ^  fxfMure  to  t Jit 
iwi —  Grtat  nute/tiiilily  Iff  tttttrkUy — Jmfrovtmtm  umdtr  gtaertU  and  totatited 
/orsdtaMun  and  gatwmaaJion, 

CAtK  XI, — Kcv.  Mr,  F.,  aged  33,  w-a%  referred  to  onr  catc,  March  9,  186S.  by 
Dr.  GuTtlon  Buck.  For  several  inonihs  before  be  bad  been  caiii[]luiniiit;  of  pain  and 
bcanDCM  in  the  back  of  tbe  tteck,  [)iat  hud  compelled  him  to  rcci^  his  pauoral 
char)[c  andabttain  fiomall  snsiained  mental  cicrtUm.  The  ^jmiplom*  dated  ftom 
an  expuutfc  la  the  »un  on  a  very  hoi  day.  The  patient  wtu  large,  tall,  well-foniMd, 
and  apparently  very  rabukt.  All  the  funclinm  neemcd  lo  )>e  tolerably  well  perform* 
ed  :  but  Rutained  iiientitl  cxrrtioD  w»k  alnio»t  iFiipowiUe.  He  hail  been  treated  fattb- 
fially  1>y  counter-uriiatiun,  lu  th«  diapc  of  wei  cupping,  and  Kad  derived  positive  benclU 
tJiercfrom. 

EUctrit  txamitt9tun  indjcaied  some  tenderuBa  00  the  upper  oervical  veitebne, 
and  alio  in  the  upper  lumliar;  hut  tliH  leruleraeu  wai  not  exteuivc.  and  a  currenl 
of  fair  simiglh,  m>  Tar  a*  (lie  vertebra  were  concerned,  could  be  readily  botnc  wUb* 
out  (liKuiiirurl ;  nor  were  the  vertcbnc  lo  painful  %%  Ihey  soineliniea  arc  found. 

Bat  in  one  m|>ect  hii  tielavior  unclrr  (lie  elec(ric:  exatninaltun  wax  pecnliai.  The 
(cnntion  produced  by  a  mild  galvanic  currenl  over  the  upper  cendcal  vcnebne  was 
painfully  felt  tn  (he  fureliead,  indicating  a  morliid  irritability  of  the  central  nervous 
■yvtem.  suice  in  health  such  a  plieiioineiion  dues  not  appear.  Tha(  llili  morbid  irri- 
tability was  in  tome  way  rclatol  In  the  K)'mpathelic,  or  that,  a(  least,  the  Mni^Atb^ 
tic  wai  the  medium  through  which  il  was  manifested,  was  rendered  prubaUc  by  the 
fact  that  mild  fariulimioa  or  galvaniialioo  of  lite  affected  part  caoaed  a  very  pro* 
fuse  perspiration  on  the  lianda  and  feet.  Tliis  same  effect  we  have  also  observed  In 
a  ose  of  hj-tteno. 

Stroiqi  as  the  patient  Appeared  to  be,  It  was  neceviary  (o  treat  him  with  mild  cnr- 
rcn(s  and  sliort  appIicaiionfL  l)y  iurii»  mid  In  sncee<Mon  we  tried  the  various  methods 
of  eieciriialion,  with  both  the  6uadic  and  galvanic  cunents,  and  with  important 
Iboi^h  not  brilUant  mulli. 

Af^Cf  a  treatment  extending  by  Interval  through  three  month-s  (be  patient  left  (or 
0  vnat  in  England,  where  he  icnuincd  nearly  a  year,  iltll  slowly  improving. 

Great  susceptibility  to  electricity,  as  in  the  above  case,  is  frequently 
observed  after  sunstroke. 

A  thronU  itHdithn  of  irritation  and  hyperatthtwia  of  lit  rpinat  tvrd  fratty  ^tiU' 
fittd  by  £tneral  faraJitatijH,  in  teitJuneiMn  mth  galvaniulian  of  tkt  tym^Ju- 
Mr  Mid  t/int. 

Case  XII. — A  young  lady,  daughter  of  a  pb)-%iciaa,  who  had  tufrered  for  many 
mnnths  from  nyiiiptoms  both  of  congestion  and  irritation  of  the  tpinal  cord,  wai 
pUcod  under  oar  care  by  the  advice  of  the  late  Dr.  H.  D.  Bulkley.     TeadcroMS  wn 


412 


HYSTERIA  AND   ALLIED  AFFECTIONS. 


nanUcU  ovct  ihc  oervijal-dorial  and  lamb>r  regions.  The  patient  comptil&ed  ol 
•lioirtneu  ot  breath,  nutnbncaa  and  liiii;luig  iii  tlie  hanili  and  feet,  cough,  nauKa,  with 
neuiKlgic  pauit  arounti  the  luitu  anil  iii  tbe  cxtri^milia.  A  very  decided  loan  of 
power  wu  manifc^c  in  the  lower  limb*,  »o  cbai  ii  was  impoudbic  to  lake  more  than 
11  few  tunii  around  the  room  without  rtLtigue.  Under  ilic  tunic  inHucncc  of  tvrcntjr 
general  ■pplicatlon^  of  tlie  foiadic  cuxrcui,  the  paticut  very  decidedly  iiU|>roved. 
The  tendenai  sloag  ikt  spine  decicuedf  and  in  Llic  ccTviciU  region  diMtjipcved  oUo- 
getbcr. 

The  diorlness  of  breath,  the  numbness  and  litigHng,  together  with  the  ncnroljic 
|win<,  became  IcM  marked,  wliLIc  tbe  sln^ngth  tta  far  improveil  that  »he  wu  able  dail» 
to  lake  abort  urallu  of  (event]  Mocks,  and  to  lucctid  the  stairs  urilh  comparative cora 
fort. 

We  now  retried  to  the  ga!vaDiiaiion  uf  liie  t^ympaihetic  and  tlie  Fpine — rpina]* 
cord  cnirent — which  were  folJowvd  by  an  improvcnieiki  more  marked  than  it  WM 
pouible  to  obtain  from  the  foradic  current  aton& 

llie  above  patient  subsequently  rdaiised  after  a  severe  fall  and  was 
agaiti  treated  with  great  perseverance  and  even  better  results,  so  that 
she  is  now  in  perfect  health,  and  is  tndixd  unnauAlIy  vigorous.  The 
case  illustrates  the  record  that  may  follow  great  perseverance  lu  clco 
trical  treatment. 


<f  (trnJuipM  of  tingiimgt  pritking,  and  a  Jufiofifhrn  to  parafyni  of  tht  Itgt,  de/tn- 
dent  on  irritation  and  hyf<rttmia  0/  the  t^d^  detidtdiy  rtluittdhy  gahttaiustunt 
«/  lh4  lymfath/tie  and  genva! /araditattoH. 

Cask  XIII. — Mrv  W.,  aged  44,  wlione  phyiician,  Dr.  H,  Urcgory,  advised  trest- 
menl  by  elcciriMtion,  wa«  sufTciing  irom  pricking  seu&atlons  in  the  aims,  and  froni 
tingling  and  nvimbnesj  of  the  lower  linibi  and  feet.  Id  the  legs  abo,  there  woa  a 
decided  "dujiivMMi"  to  porolyaiG,  at  manifest i»J  by  afccIiiLg  of  weight  in  the  effort 
of  walking, 

pTCMiirc  nlonf  Che  &pine  discLowd  a  tender  point,  at  about  (be  third  dorsal  and 
second  lumlur  vcitctiiw.  ThcK  cunditiont  of  tenderness,  linglinj[,  and  welglil  in  the 
tower  limbs  teemed  lo  indicate  not  only  on  irrtlatiun,  but  alto  a  b]'p(:r:emia  of  the 
Bpioal  cord,  Galvanitation  of  the  sympathclic  and  mild  general  applications  of  tba 
biadte  current  were  followed  by  a  marked  aiaelioralion  of  ihete  tiyinjiConii. 

The  Lijnbt  especully  t>ro|{re»ed  rapidly,  and  after  eight  appticotiont  became  qiutfl 
Btrocg,  and  were  ^uite  relieved  of  the  anx^thcsla.  Some  tenderness  along  the  conrie 
of  the  spine  still  remained,  with  occ.iaional  tingling  in  the  extremities,  but  not  auffi* 
cieot  to  occadon  the  ume  annoyance  as  before. 

S/twU  irr»tatt»n  0/  itvtral  ytari  titin.ltng-~Rte<nxry  undtr  jpi»al  gatvauUation 
and  gentrai /{uraditation. 

Cask  XIV. — Miss  C.  a  patient  of  Dr.  Gregory,  was  referred  to  as  with  evidences 
of  ifritation  the  whole  length  of  the  cord.  Under  six  weeks  of  treatment  by  i^pinal 
galvflniutioa  and  general  forodiution  the  patient  markedly  improved  in  all  her 
symptoms. 
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The  tcrdcr  points  «lonE  the  spine  in<»t!y  dlMppeftrwJ,  md  after  the  ce^uiioa  ol 
treatment  sJic  conrinued  to  Improve  until  recovery  was  mpproximaieiy  complete. 
The  jymploms  were  of  (cveml  ytati'  slxndinc. 

SfiiMnI  irritaiioM  oftoMytarf  slatnHtig—lietavery  ttnder  t^nal  galKUtiaaNoM. 

Ca^k  XV. — Misa  S  ,  an  inmate  of  the  Xcw  York  Siitc  Woman's  HDXpUal.  Wtti 
affected,  in  addition  to  uterine  cUseoK,  with  severe  and  persiitcnt  &pinal  Lmtati>}a  of 
ovct  I  wo  years'  standing 

Spin.-il  galvaniuiiua  repeated  a  doien  limea  during  the  courie  of  a  month  efreclif 
ally  ovcccatne  the  cxceaaive  irritation  or  the  cord,  and  reiullcd  in  greatly  incrcakcd 
atrcngth. 

Insomnia. — InBomni*  is  %  symptom  which,  with  greater  or  less  uni- 
formity and  severity,  accompanies  nearly  al)  forms  of  disease. 

Jl  \%  a  symptom  of  such  an  indefinite  variety  and  complexity  of  pa- 
ihological  conditions  that  it  is  manifestly  impossible  to  treat  it  with 
anything  tike  uniform  success  by  any  one  conceivable  form  of  medica- 
tion ;  but  of  all  the  rcnie^LtcH  that  have  yet  been  tried  there  is,  wc  be- 
lieve, no  one  which  pertzianenlly  relieves  the  sj-mptoma  in  so  large  a 
proportion  of  cases  as  electrization.  The  effects  of  electricity  on  the 
sleep,  whether  used  in  the  form  of  general  faradization,  or  gal  vaniJiatioD 
of  the  head  and  cirvical  syiinjathctic,  are  both  temporary  and  perma- 
nent The  temporary  relief  that  appears  the  night  or  two  following  an 
ajiplicaiioo,  though  usually  far  less  potent  than  those  of  bromide  of 
potassium  and  hydrate  of  chloral,  arc  yet  very  decided  ;  but  it  ts  for  the 
ptrtnaneni  relief  that  electrization  is  cliiefly  indicated  iu  this  symptom. 
This  comes  gradually,  slowly,  and  as  a  result  of  the  improvement  of  the 
morbid  condition  on  which  tlic  insoninia  depends. 

As  hfls  been  stated,  improvement  in  sleep  is  one  of  the  earliest  ef. 
fects  for  which  we  look  during  a  course  of  treatment  by  general  electri- 
zation. In  a  wide  range  of  diseases  sleep,  to  a  certain  extent  and  with 
exceptions,  may  be  regarded  as  a  thermometer  of  health.  When  all 
other  bodily  fmictionit  are  well  performed,  the  sleep  is  usually  sound, 
calm,  and  refreshing ;  when  it  becomes  painfully  and  persistently  dis- 
turbed by  dreams,  or  is  long  absent,  we  may  suspect  actual  or  approach- 
ing disease. 

Tempoiary  loss  of  sleep,  that  comes  from  temporary  anxiety  or  froir 
neuralgia  or  other  pain,  is  usually  relieved  with  the  removal  of  th« 
cause,  and  only  demands  special  medical  treatment  when  it  is  long  con 
dnued. 

Tlie  treatment  of  insomnia  is  really  the  treatment  of  alt  the  diseases 
on  which  it  depends.  For  those  cases  where  simple  wakefulness  exists, 
unaccompanied  by  any  other  symptom  of  recognizable  disease,  we 
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may  use  cither  galvanization  of  the  sympathetic  or  in  the  head,  or  fara- 
dization of  the  head  and  spine,  or,  hettcr  than  all,  general  faradizatioD, 
(or  somnolence  is  a  result  of  alt  these  methods  of  electrifalioti.  It  it 
not  even  ncce«saiy  Co  make  the  ap'plicatians  to  the  head,  the  s}anpathe- 
tic,  or  even  to  the  spine,  in  order  to  produce  sleep.  Simple  peripheral 
galvanization  or  faradization  will  produce  this  result,  and  in  some  cases 
to  a  very  marked  degree.  This  must,  we  suppose,  be  explained  by 
reflex  action.  In  case  of  rheumaiism  of  the  hip-joint,  which  vre  once 
treated  by  galvanization  through  the  joint,  the  M>poritic  effect  on  the 
p.-ilicril  was  so  uiarked  that  he  fell  into  a  profound  slumber  before  »-e 
had  time  to  leave  the  house,  in  Icks  than  ten  minutes  after  the  ap- 
plicalion  was  over.  In  another  case  of  infantile  paralysis  the  mother 
reported  that  the  child  slept  soundly  for  two  hours  or  more  after  each 
sitting,  although  ODly  the  limbs  were  galvanized. 

Ftr/itlent  intcmnia  after  ekililhirth — An  appiicatisi  of  thtfaradk  ntrrtnt  t»  tA* 
AmJ  aitii  sfiiHf  it  fffileweJ  iy  iUtf  of  ttvtral  hovrt. 

Cask  XVI.— Mrs.  A.,  nged  30,  of  ahigliljr  nervous  org»iixation,  e^ve  birth  to 
her  first  child  after  u  labor  oT  16  hour&  So  great  wu  the  disorder  of  her  nervous 
iystem,  ttiat  for  5  daj's  and  nighTi  she  was  unable  to  close  lier  ejci  In  slcqj.  Her  con- 
dilion  wa«  motl  dittretting,  and  reiiUed  «]1  eRbm  la  ihe  way  at  medicACuin. 

It  wju  «gre>e(l  thai  ■  mild  applicAtion  oT  the  Tkradic  current  should  be  applied  to 
tlu  head  and  down  the  spine.  The  tcHilt  was  must  dceidcd  ajid  gratifyinx,  uoce  a 
llccp  of  several  hoiux,  dee|i  and  rtfrciJiin|{,  immcdialely  rulluweJ.  It  i»  proper  lo 
iay  that  subsequent  applications  did  not  h»vc  the  Hme  decided  effect,  aUliough  they 
evidently  strengthene't  the  nervous  syatcm  ol  the  patient  and  greatly  aided  In  dlis^ 
paling  the  condition  of  insomnia. 

/Kfommi*  p/  mimth^  tloMding  im  nuJitUefy  rtUevtd  iy  grarral  faraJiuUion, 

Case  XVII.— Mrs.  C,  a  yomic  married  Udy.  was  directed  tons  by  Dr.  J.  Marion 

&nis,  wlio  WM  Ire3,ting  her  fur  uterine  dif&cully.  She  <nu  %uIfcTttig  ajrutcly  from  in- 
HUtnia,  3Uid  ii  «a«  hnprd  (hat  lome  form  of  elcctriulion  migFil  prove  bwcfieial, 
more  especially  iioj;c  stiehod  pte\'ioiisly  been  reticvcti  by  ihc  applitaiion  of  decirEciiy, 
although  its  odminittniiioii  had  l^eeii  vriihuui  method.  We  subjected  her  to  tlie  most 
thoroogb  form  of  general  furadiiatii^n,  directing  especial  attcniion,  however,  to  the 
head  and  neck.  The  applications  were  adminiE.tcrcd  on  five  successive  da.ys,  and  durln^j; 
each  of  Ihc  foiloning  nights  the  palisnt  enjoyed  uninterrupted  and  refreihing  deep, 
Ai  to  the  penaanency  of  tlie  cfTcctx  we  ace  not  informed. 

/Hf^miia  o/inerai  months^  Juratien  reUrvtd  tinJtr  frtalmtmt  iv  giittralfandi- 
laliam  and  g^aJvanitatiaH  of  the  brain. 

Case  XVIIL— Mr.  J.  D.,  aged  65,  wau  rcfened  to  u>  by  the  late  Dr.  J.  C.  No« 
for  the  relief  of  insomnia  of  such  an  obstinate  character  as  lo  threaten  serious  conse- 
quences. He  had  iiufTcrcd  a  few  months  prcvioosly  from  a  severe  attack  of  conscstlve 
AiUa.     Fron  the  cfCccu  o(  these  he  bad  appraiiinately  recovered,     flit  ttrcngth  and 
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appetite  were  fnir.  but  is  It  wu  »in«tliiiei  imposoble  Tor  him  to  skep  mote  than  as 
hour  or  two  during  the  whole  night,  lie  wu  fait  magging  into  incrvoui,  cudi^ble  con- 
dtlioD.  The  pntiirni  wu  ticftlcd  by  both  t;encril  faradiuiion  inri  ^Iraniutioi)  flf  the 
bndn.  He  very  grailiully  improved.  And  at  the  tnd  of  a  ninnlh'i  Ireatmmt  he  wu 
enjoying  fire  ami  lix  houn'  cantuiuoun  ilc«|>  ercrjr  ni^ht. 

tmmnnia  foUwBing  mtnttrualtfn-^GtHtral  faraJiiathH  affcrdf  immtttiatt  rtlitf. 

Ca«S  XVIMa. — Mis,  B.,  aycd  40,  su/Tclcd  aii  utiUMiul  luM  of  bloud  Ht  each  nicn- 
Irvul  perioJ,  wMch  was  followe^l  by  ubuinale  intomnia  during  the  succeeding  Iwu 
weck^,  GeDeral  fuailiialiun  u-u  csuyed  for  ibc  relief  of  ihesleqilcv^nc-^  iui<i  wax 
entirely  tucccuful.  Three  or  four  B|ipliuttoi»  after  eaiifa  period  waa  tuHicient  to 
promoic  calm  repo»  utitiJ  the  next  flow. 

Astraphobia  (aarpaTjii  lightning  and  «^o;S«  fear  a/). — Some  inillvid- 
uals,  cs|>L>(nalLy  liiusu  of  pcctiliarly  uniJiessibk  orj^auUatioDS.  are  oot 
only  uai>teasaiitly  but  seriously  aff&cted  during  thunder-storms  tliat 
are  attended  by  viWd  flashes  of  liyhtnitig.  They  suffer  not  only  dis< 
trc»sing  fear,  but  [positive  pain  in  the  head  or  stomach,  that  leaves  them 
in  a  condition  of  exhaustion  that  may  last  several  hours,  or  even  two 
or  three  days. 

A  medical  friend  informed  us  of  a  patient  under  his  care,  who  during 
diunder-stornis  was  attacked  by  severe  nausea,  and  by  convuIsLvc  at- 
tacks resembling  ci>ilcpsy.  Uiidt^r  treatment  directed  to  the  iiiiprove- 
meiit  of  her  general  system  she  greatly  Improved.  In  some  cases  diar- 
rhaa  is  excited. 

These  symptoms,  though  most  frcfjucnt  with  nervous  people,  and  es 
pccially  with  women,  may  also  appear  in  those  who  are  otherwise  strong 
both  in  health  and  in  will  power. 

In  tn-o  cases  of  astraphobia  of  long  standing  we  found  much  diminu- 
tion of  volitional  contractility  and  considerable  anresihesia,  but  no  loss 
of  electric  muscular  contractility. 

Treatment  by  the  electric  brush  and  central  galvanization  afforded 
much  altliough  not  absolute  relief. 


CHAPTER  XVI. 

IK8ANITV. 

We  have  wen  that  very  much  has  been  accomplished  in  the  treat- 

inenE  of  hypodionclriasis  and  niclanchoUa  by  thu  combined  methods  of 
central  galranization  and  general  faradization,  and,  reasoning  from 
analoj^y,  it  is  probable  thai  an  important  future  is  in  store  for  the  scien- 
tific  faithful  use  of  these  tnethotU  of  electrization  in  our  public  and  pri- 
vate asylimis. 

//  i>  «*>/  as  well  recognised  as  it  should  bethat  in  diseases  ff/ fAe  brain 
and  s final  eord^  where  the  mind  is  seriously  affected^  the  eleetrieal  treat' 
mint  is  alio  indicated,  Just  as  in  diseases  of  the  same  organs  what  the  mind 
is  not  effected.  In  some  of  the  asyUims  of  England,  United  States,  and 
Germany,  electricity  is  now  and  for  &ome  lime  has  been  used  as  an  ad- 
junct to  oilier  reiiiedicB  for  the  treatment  of  different  fonns  of  insanity  ; 
but  witli  a  few  exceptions  the  treatment  is  not  systematicalty  carried  out, 
and,  partly  through  ignorance  of  the  methods  of  application,  partly 
through  want  of  sufficient  medical  assistance  to  supervise  the  necessary 
details,  the  results  have  not  been  entirely  satisfactory,  and  the  cases 
have  uot  been  fully  recorded. 

Wc  should  except  from  these  remarks  the  Alabama  Asylum  for  the 
Insane,  where,  under  the  superintendence  of  Dr.  liryce,  both  currents 
of  electricity  have  been  used  in  the  trcatmenl  of  the  patients  for  the 
past  two  or  three  years. 

We  have  corrcsiiondcd  with  Dr.  Bryce  on  the  subject  from  the  first, 
and  have  at  different  times  given  suggestions  in  regard  to  the  methods  of 
application,  which  su^cations  have  been  carried  out  so  far  as  possible 
for  Ihe  already  overworked  officers  of  that  institution. 

Under  date  of  Kebruary  17th,  1873,  he  gives  the  general  resnlts  of 
his  observations  in  the  following  language:  "We  like  it:  find  it  bene, 
ficial  in  most  cases,  valuable  in  a  majority,  and  indispensable  in  certain 
forms  of  hysterical  insanity,  in  primary  dementia,  and  neurasthenia." 

'I'lic  failures  in  this  as  in  other  branches  of  electro-therapeutics  are, 
in  fact,  the  logical  result  of  want  of  familiarity  with  the  management  of 
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hutefics,  of  iDCOrrcct  ideas  on  the  differential  action  of  the  cDrrents, 
tod  the  gcnefa]  action  of  electricity  on  the  body,  and  deficient  techni^ 
al  Hkill  in  the  details  of  the  applications. 

Kor  ihoie  who  are  txrginning  to  use  eleclricily,  or  are  contcmplatinj; 
itt  tuc  in  the  aitylunis  for  itic  insane,  these  general  SQggestions  niay  be 
of  service  :  1,  I^-t  it  be  remembcrCTl  always  that  electricity,  in  any  form 
— Franklinic,  Galvanic,  or  Faradic — when  applied  to  the  body,  acts  a« 
a  itimulatmg  tanic  with  a  pitunrr/ul  tfJatiTY  in-fiufntf.  It  is  an  agent 
ka  imfrffvimg  nuiritiou  in  any  condition,  local  or  general,  where  ira- 
[mvement  in  nutrition  is  required.  It  is  to  be  used  for  the  insane  just 
as  bromide  of  potassium,  quinine,  strychnine,  and  iron  are  used. 

I'be  Older  and  degree  of  its  etTccts  depend  largely  on  the  method  and 
manner  of  application,  and  on  the  constitution  and  disease  of  the  patient 
tn  which  the  ap|>Iication  is  made. 

1.  That  in  insanity  the  brain  is  not  the  only  jiart  of  the  body  aflfected. 
Excluding  those  cases  of  insanity  produced  by  reflex  action  from  the 
digestive  and  pelvic  organs,  there  are  ver)*  many  cases  where  the  spinal 
cord  and  other  parts  of  the  central  and  )>eripheral  nervous  system  suffer 
'as  an  effect  of  the  disease  of  the  biain. 

While  the>e  remarks  may  seem  but  commonplace  to  experienced 
psychologists,  and  white  the  fact  of  the  relation  of  diseases  of  the  brain 
to  diseases  of  other  parts  of  the  body  is  continually  recogniicd,  when 
other  remedies  are  employed,  still,  in  the  application  of  electricity,  some 
ea|)crimenters  have  acted  on  the  theory  that  the  brain  alone  skeuUi  he 
treaitd.  Those  who  act  excluuvoly  on  this  theory  will  not  gain  great 
victori«  over  insanity  by  electricity.  Some  of  the  applications  should 
be  made  in  such  a  way  as  to  bring  the  whole  central  nervous  system 
ttoder  the  influence  of  the  current,  and  local  diseases  associated  with 
iuaoity  as  a  cause  or  effect  should  receive  local  treatment. 

The  central  nervous  system  i«  best  brought  under  the  direct  influence 
of  the  galvanic  current  by  the  method  of  central  galvanisation.  The 
iDelhod  may  be  varied  by  galvanization  of  the  brain,  cervical  sympa- 
thetic,  pneumogasiric  and  ^pine  ;  but  the  method  of  central  galvaniza- 
tion is  easier,  safer,  and  more  effecttve.  In  cases  associated  with 
debility,  and  especially  in  those  forms  of  insanity  dependent  on  neu- 
rasthenia or  nervous  exhaustioi:,  genera]  Jaradizatiou  answers  a  good 
purpose,  and  may  with  great  advantage  be  used  alternately  with  central 
gatvaniiation  or  localized  galvanization  of  the  nerve  centres. 

5.  The  fint  tentative  applications  should  be  very  mild,  and  the 
unrogth  of  the  current  and  the  time  of  sitting  sliould  be  gradually  in- 
croued  u  the  patient  proves  himielf  able  to  bear  the  treatment. 
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In  tlie  following  case,  although  no  permanent  relief  was  afforded  bj 
the  method  employed,  the  temporary  effects  were  so  sudden  and  staitling 
as  to  rentier  ihe  history  of  exceeding  interest : 


Acute  mania  of  tht   m>'tf  inUnse  eAcraeler  txitting  /mtr  mantht — Rimartahtt 
effirts  trf  gtNfrai  faraifitation. 

Case  XIX.— Miss  R.,  agnl  zo,  living  in  Harlem,  and  a  paitctit  of  Dr.  Joaeph 
WaostcT,  of  New  York,  w»*  titflirrinf  frwn  iicule  manU  datiiic  fmm  nupifreuion  of  lh«J 
meiitcv  oi;cvircingfour  moniln  tieroreihe  full  luidcr  uur  core.  Site  had  oitrzyK  cnJQ)«d 
mokt  excellent  Iienlth — iii'lenl  was  reinarkble  for  faR  vigoroitK,  robust  const iluiion, 
and  it  may  be  adtleil,  (he  nidilinrw  of  h«  cgiuplexion.  While  wateriii£  the  plsnls  in 
the  coTisen-aiorj-  of  her  rister.  Iter  cloiliet  becuue  quite  wet ;  >lie  ueglecleO  to  chui^ 
them  immediately,  «iiil  the  eon.«i;qiicnce  wa*  a  nippTcssion  of  the  nienttnul  flow.  She 
complained  nn  ihc  Fallowing  day  of  severe  hcadnche,  and  on  occftMona,  d  jiing  the  next 
two  wcclc-i,  was  mai'kedly  unrc;i^i)iih1e  in  her  action  and  dcmandt. 

Finally  active  delirium  set  in,  but  ivith  no  decreaie  o(  bodily  drength.  At  ttnKS 
she  m-ox  tntcnicly  violent  in  hei  d  cmo  n  strut  inn  i — screaming  at  the  lap  of  her  voicv, 
and  breaking  every  articte  of  fmnJitire  wirbin  her  reach;  as  a  cjusequeoc*  dw ' 
w«&€onfuied  in  u  room  ttripjwd  of  ttt  furniluie,  and  In  her  wildett  muods  tbcAraic- 
jackel  w&s  applied.  Kor  more  than  (a-o  months  no  sleep  visited  her  crclidi,  without 
the  nii;htly  adminislralion  of  from  lOO  to  tio  (^  of  chloral.  During  the  rooming 
•he  wu  of^cn  nnetvvtirahly  ijuiel,  hut  a.^  erening  approached  she  became  abMlulcly 
tingovcraable,  and  Mrhen  cliloral  was  not  given  she  had  been  krkown  to  pace  aronnd 
tile  roon)  with  great  rapiitity  and  sIrciigCh,  Enuttcring  to  herself,  wiili  absolutely  no 
cessation,  frnrn  s.nn«et  to  siincite.  She  had  decreased  in  weight  from  t6o  to  |  lO  Ibh 
On  the  evening  ofchc  151b  of  April,  she  was  held  firmly  in  ptMiiion  lijtscveral  power- 
ful auiiiants,  and,  after  thi>rou^;tily  moistening  the  liair  of  the  head,  we  snbmltted 
her  to  the  moit  thorough  form  of  general  faradtxaiion  with  the  very  smoother  current 
obtainable.  The  cwrrenl  was  of  great  strength,  but  cnrfenily  in  it*«lf  caused  no  dis- 
comfort to  the  patient.  That  luj;]!!,  and  withoiit  the  use  of  any  drug,  the  patient  en- 
joyed five  hours  of  I  be  quietest  slcrp,  and  for  4S  hours  thereafter  wiu  perfectly  obedi- 
ent and  trailablf.  Another  jiaroxysin  of  violence  again  shnwctl  itwif,  and  ihe  same 
form  of  ap|j1iL*;ilion  iva.t  re-.iilmiiiistem],  She  again  slept  quietly,  anii  In  the  morning 
awcke  perfectly  rational,  but  cxiieitiely  weak  lu  body.  The  day  ticing  bright  and 
Ennny.  a  chair  was  placed  in  the  yjud,  where  ihe  ssit  for  screral  hour*,  and  in  all  ber 
conversation  evinced  entire  freHom  from  anything  like  mental  deran|;enicnl.  Sud- 
denly, however,  she  .^rov:  from  her  chair  and  ran  aroiind  the  yard  with  great  rapidity. 
She  was  immaliatcly  raptured,  anil,  when  taken  to  her  room,  gave-eviilence  of  all  her 
former  derangement.  She  w-as  unusually  violent  dining  the  rest  of  the  day,  but  aftrt 
tite  ailministraiion  of  too  grains  of  chloral  (and  lhi%  W3s  effected  with  great  dilS- 
cuiiy,  owing  to  her  fierce  atru^lei)  she  passed  the  latter  part  of  the  night  in  compar- 
atively quiet  deep.  On  the  following  morning iSic  awoke,  somewhat  excited,  aod  re- 
mained so  daring  the  day,  while  tow.trds  evening  she  as  u«ua]  became  more  violent. 

(jeneral  faradiration  was  agrtin  IricJ,  and  wiis  attended  by  I14  previous  good  eAtMrts, 
Four  or  five  hours  of  quid  sleep  fullowcd,  and  an  awakening,  and  for  a  p*rt  of 
the  succe*rling  day,  the  pkiicnl  was  quite  calm  and  in  some  re:i])e!:ls  entirely  rational 

Nut  to  prolong  ihb  description,  it  nuty  be  said  that  neither  general  faradizatioo  not 
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cenlial  g&Ivftntmtlon  Mcine-'l  to  be  sullicimt  to  afcompli^  more  than  is  related  in  the 
aliove  ilcvription,  and  finaltir  it  failed  to  give  markeit  relief.  The  patient  tni  takcp 
b^  her  friends  to  an  jt^-lam  and  pancd  from  imdei  our  ohiervation. 


VeuffiaHJf  iimnily  ia  a  marrieit  latly — Greai  mrlancfioly  ;  tcttitant  tmefiii^  ;  at 
ttmftir  to  (Dmmtt  micidi ;  altfmpts  at  starvation  ;  loit  af  JUsk  ;  attitckt  of  numh- 
n/ii  ;  ktavtng,  traring,  gratfimg,  bimiiimg  ttmtali«'i  in  stomatk  aiJ  aMemtn  , 
Kii/iiifrai iwattig ;  kyUtrUal attatki  ef  crying,  iamgAing,  and  Mtitttual sutrtf- 
liMily  to  tlettritity^  Gradual attJ  steady  retwery  under  lettlrai  galvanitatiom  of 
the  etrvirat  syitf^kelif,  na^ined  teitA  tad-tiver  m7  emulsian. 

Cask  XX.— Mrs.  S.,  x  married  lady  of  mi<:ldlG  life,  wsi  referred  to  us,  Oetobei 
19,  1871. 

The  palienl  ■v\%  piettv  evidently  ■iilTefing  rrotn  menopause  mania,  of  ««venil 
monihi'  ilandini;,  ami  evinced  no  rHvposltlon  to  recover.  Sh>e  attributed  kU  her 
symplorn*  to  the  um  of  the  vaijinal  tyringe,  but  there  wiu  no  cviilencc  of  this  "nd  the 
case  was  prrily  clearly  one  of  toonia  dependent  od  the  begiiininK  of  the  chance  of  Ufe, 

The  paiienc  «-ould  ntver  til  dvatt:  ail  day  long  the  tntLked  and  walked  ilw  floor  of 
the  house.  ioine(inie«  standing  Mill  a  moment  to  look  out  of  llie  window  or  convene 
Of  to  Inok  vacantly  into  space;  but  never  would  m//iw«  mmrw/ or  even  lie  down 
on  a  luuiiffe  ;  at  rui^lit  cmly  woidd  ilic  <gii  ici  bed. 

Slie  vroiild  weep  (or  houi*  loj^ther,  and  when  not  weeping  W3»  heavily  deprened. 
Her  ruling  de«rc  wa«  to  commit  huicMk,  and  most  resolutely  »hc  iriol  to  w»rv«  liertalf 
tQ  death,  liut  failed  in  the  aitempi  fgr  ihe  reavim  llmt  »lie  could  doc  lesbl  the  tompia- 
tion  to  take  a  bite  now  arnd  then,  allbuuxh  she  did  not  partake  of  a  regular  meal  for 
several  weckx.  She  ww  naturaUy  vcr)'  llciJiy.  and  had  lost  fifty  poituds  in  weighi.  She 
Cned  to  get  hold  of  the  buterics  that  were  left  at  her  house  in  order  to  drink  the  ndd 
aolution,  and  her  hutbinci  wm  obliged  to  take  away  the  bolllci  after  cacli  applica- 
tion. The  patient  hail  beside*  many  ragne,  ncrvnui  aymptomi,  mch  a*  ntimbne^  and 
tearinji,  culling,  heaving,  burning,  hiniiing  oieTisittionit  in  the  ttomiicb  and  abdomeru 
Attacks  u[  uiiiUteril  swelling  on  the  left  side  came  on  ai  tiniei,  and  (he  left  nde  in  all 
rctpc^t  was  weaker  than  the  right. 

We  suspected  ihai  all  ibc  »)-mptomt  tnicht  be  mere  or  lew  reriex  from  the  uterm, 
bill  the  patient  wuiUd  not  yield  to  oiu  tuggenion  that  some  eyiuBcoEogtst  be  called  in 
to  make  an  examination. 

There  wnt  tcndemcM  over  the  orarian  rc^on,  especially  on  the  left  side,  and  also 
teaderoeu  on  tlic  dorsal  and  lumbar  vcrtebrK^  and  at  time*  along  the  isniire  length  of 
the  tcpiric 

It  fceiaed  probable  that  the  patient  would  have  to  be  tent  to  an  asylum,  but  ai  her 
busband  was  to  niaaled  thit  he  could  give  her  clone  altenlion,  we  decided  to  firM  ex- 
batat  treatiaent  by  electricity  iindmtcmal  medication. 

We  ii'^l  ccniral  galvanization  varied  l>y  galvanlEailon  of  the  cervical  aj-mpathelic 
and  spine,  and  prewribed  for  internal  u«  the  cod-liver  nil  emultion.  .She  was  found 
to  t>e  very  suKCjitiMc  lo  clMtricity  :  only  gentle  currents  and  «hori  application*  were 
borne,  and  when  thu»  used  the  sedniive  eifcct  wu  csoellcnt ;  but  when  CAnied  be 
yond  a  ceriun  pcjnt  imiaiion  ralhcr  than  sedation  followed.  The  applications  were 
made  on  the  average  about  ihrcc  times  a  week,  for  four  months,  with  at  first  slow  and 
aiinu«t  imperceplibde,  and  afterwards  with  rapid  improvement,  and  with  nitiinate  and 
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peniLUCnl  mxtvay,  A  jreir  and  more  after  the  treatment  wu  abaodoned,  tlic  patieU 
lad  Full]'  regained  and  »till  retains  all  her  fleiJt,  health  and  tpirils. 

The  above  case  seems  to  us  to  illuslrate  the  following  points : 

1.  The  well  known  fact  of  the  ciiratiility  of  mci^opausc  insanity,  even 
when  the  symptoms  are  of  the  worst  character,  la  the  case  of  Mrs.  S.  all 
the  syniploins  were  bad  sympTorafl.  At  times  her  maniacal  attacks  were 
so  violent  as  to  be  ah^olitiuly  alanning,  ajid  twice  at  least  we  had  reason 
to  be  considerably  tcrnBed. 

2.  The  advantage  of  coinbining  medical  treatment  with  various 
methods  of  electrization.  Although  the  patient  herself  and  her  husband 
attributed  the  result  to  the  electrical  treatment  alone,  yet  in  our  own 
judgment  the  credit  should  be  divided  between  the  medical  and  the 
elccirical  treatment,  and  the  element  of  time  should  also  be  considered. 
The  patience  and  perseverance  of  the  husband  and  his  constant  atten- 
tion should  be  considered. 

3.  The  fad  Ihat  electricity,  cautiously  used,  may  be  of  great  service 
even  when  it  is  not  well  borne.  Mrs.  S.  never  could  endure  a  long 
or  strong  application,  even  when  she  had  been  long  under  treatment, 
and  by  some  the  case  might  have  been  given  up  as  not  adapted  for 
electrical  treatment. 

4.  The  principle  that,  in  the  Ireatment  of  insanity  by  electricity,  the 
applications  should  not  be  confined  to  the  brain,  but  should  be  made  so 
as  loafTect  the  whole  central  nervous  system,  which,  primarily  or  second- 
arily, must  be  more  or  less  involved  in  nearly  all  pha.<tes  of  insanity. 


CHAPTER  XVII. 
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exceedingly  iotecesUag  poial  in  ttie  consiijeration  c(  congestion  of 
the  nervc-ccfities  is,  the  discrepancy  between  the  observed  syinptoms 
and  the  authoritative  statements,  in  regard  lo  the  necessary  and  con- 
stant rctalion  of  certain  syiuptoms  with  that  condidon.  In  pathological 
conditions  uf  the  brain  and  si>inal  cord,  more  perhaps  than  with  other 
Orgaofi  of  the  body,  ii  is  dilBcult,  nay,  iittcily  iiiipos&ible,  to  a&suciate 
a  long  list  of  distinct  symploms  with  some  change  or  tendency 
to  change  of  btrucliiie,  and  say  that  they  lovaiiably  exist  as  eSectf 
and  cause.  What  we  term  distinct  vaiiarions  from  the  physiologi- 
cal conditions  of  the  great  nerve-centres,  so  markedly  and  undeniably 
run  into  and  ovt:rIap  eacJi  other,  are  &o  frequendy  m  it  were  intertwined, 
that  it  is  hotd  for  tlic  most  careful  ob»:rvcr  to  do  mure  Uian  to  arrive 
at  apptoximalely  correct  coacluaioos  as  to  the  actual  pathology,  liii- 
tation  and  congestion  of  the  cord  may  coexist.  Congestion  of  a  severe 
and  chronic  character  may  ^inuilate  actual  sclerosis,  and  hysteria  asso- 
ciated with  a  mild  form  of  either  irritation  or  congestion  may  give  rise 
to  symptoms  of  anaesthesia  and  such  decided  impairment  of  electro-mu^ 
cttlar  sensibility  as  to  completely  mislead  the  practitioner  and  suggest 
the  existence  of  serious  organic  disturbance- 

These  remarks  will  be  more  fully  appreciated  by  referring  to  several 
of  the  illustrative  cases  tliat  follow. 

jProgtioiis  and  Trealment. — The  relief  that  is  afforded  by  electrizatioQ 
in  the  ordinary  forms  of  passive  spinal  and  cerebral  congestion  is  quite 
constant  and  rcli.ilile. 

Galvanization  of  the  brain,  spinal  cord,  and  sympathetic  are  of  course 
to  be  used  and  should  be  attempted  with  more  or  less  thoroughness  ac- 
cording to  the  indications  of  each  individual  case. 

General  faradization,  however,  should  not  be  neglected.  There  are 
very  few  cases  that  will  not  receire  benefit  by  its  judicious  employ, 
ment. 
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Suidtn  otuft  of  roHgtttiam  of  tit  turd  ajterimttJ  on'fA  ^mft»mt  of  irritation—  RafiH 
rtntvry  fotlawM  gem^ral  faraJiaofiom, 

Ca««  XXI.— Mr.  B.  W.,  ft  yomb  sged  17,  bat  ewepiiowJIy  mature,  both  ia 
l>hyMcal  and  mentaj  emlowmeots,  wu  reEurcd  to  ni  by  his  phytiKMa,  Ur.  John  J. 
Civie. 

Tlui  paitcni,  who  «s  a  student  at  Harvard,  stated  tbkt  som«  weeks  previondj  ha 
lud  one  afternoon  wdked  quite  htLikly,  and  (or  «  orninderahlc  Icitglh  of  lime,  axtd 
while  in  a  alatc  of  parlLii  perspiration  had  reclined  upon  the  gnu  until  a  KDie  of 
chiUincu  wruiioi  hina  of  liis  imprudence.  Durtag  the  ml  or  the  day,  and  oa  rctiriti); 
at  night,  he  oloarol  110  unuMUd  sjmptoni,  but  in  the  numiing  the  legs  were  fuuiMl 
to  be  stifT  and  wnk,  M»ociated  with  a  decided  lou  of  CD-ordiuiiRg  powef.  Id  AotX 
llie  patient  vrai  kufTertnii  from  incomplete  pondj-tis  in  a  p&raplegic  fonn.  Tlieie  «as 
dl^ht  bat  marked  tcTtdcrae.-B  along  tbe  spine  on  pveMure,  but  no  exaggeration  of 
reflex  excitability  in  the  limbs  ^"d  no  appreciable  imp&innent  of  clccuo-ai<u> 
cnlu  con  tract  ilitjr  or  Kiuibility.  Anicstliesia  wa&  quite  maukcd  to  ihc  calves  of  tbe 
1^1  aniJ  loci,  but  nny  icuMlion  of  tingling  was  altogether  wanting,  I'aini  iu  tbe 
back  and  Limln  were  not  increased  by  motion,  but  ihc  patient  complained  of  tome 
diuuDifurl  along  the  spine  that  was  increased  at  uigbt  by  the  wannlb  of  itie  bed. 
It  teetnol  Mif&ciently  clear  that  the  cAse  wa>  one  of  spinal  cougestion,  and  uur  firat 
thought  was  to  trust  10  galvnoiiation  of  the  ^ine,  but  on  futhcr  thought,  and  takinc 
into  coniideratlon  the  recemnefa  of  the  Mitck,  and  the  lemaikabie  ctfccts  of  gcnenl 
faradiialion  in  equalizing  the  citcLilalion,  we  submitted  the  patient  to  a  most  thorou^ 
but  mild  jraint  of  tbe  iaU-nATncd  mcthoil,  and  directed  him  to  call  again  in  thceoorae 
of  a  couple  of  days.  On  his  rctucn  we  fo4md  that  the  anesthesia  bad  almost  entirely 
oeaied  to  annoy  him  ;  his  limbs  were  more  wpple  and  stronger,  and  there  was  aniaiii> 
feet  increase  in  ihc  power  of  co-ardiniiion.  SoliKintially  the  same  method  wat  cm> 
jdoj-ed  on  seven  didcrenl  occasions  from  May  ^tli  to  May  Ijlh,  whcu  he  tetutned 
to  his  studies  completely  recovered. 

Id  tbe  case  above  cited,  anfesthcsia  was  a  prominent  symptom,  while 
there  were  absolutely  no  sensiattnns  of  fomiication  or  ciiigling. 

Tctidcme«5  on  pressure  along  the  spiiic  was  decided,  and  yet  we  fitid 
various  atiihors  stating  that  m  spinal  congestion  i^ot  only  is  this  symp* 
torn  wanting,  but  so  also  is  anresthesia,  while  the  sensations  of  formica- 
lion  and  tingling  in  either  the  toes  or  fingers  are  almost  invariably 
present. 

Sometimes  the  symptoms  of  one  pathological  condition  may  be  the 
more  prominent — sometimes  the  symptoms  of  another — and  occasional* 
ly  it  may  bc  observed  by  one  whose  experience  is  at  all  extended  that 
spinal  congestion  and  irritation  occur  together  as  affections,  so  to  speak, 
co<oi^inalc  and  coequal.  In  this  case  congestion  of  the  cord  was  un- 
doubtedly the  predominant  condition,  while  the  symptom  of  tenderness 
along  the  spine  on  presauie  rendered  it  evident  that  iiritatiou  was  pres* 
Tilt  as  well 
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S/ina/  retttffrtuu  clang  Ikf  lower  portion  of  iJu  t^xt  on  frttt»rt  follaio^  fy  faim 
in  tht  hcanU  and  txtremiiiei^lmpairtJ  moi^  f*"',  '''■ — tmprvOfKtnt  ifder 
i/tMit/ ga/tmmtatii/H  a/ffr  fat/ttre  ef  gtmtrat  faradiaatian, 

Cas«  XXII.— As  ui  illanriilun  of  a  very  coniisIerAble  low  of  power  in  llic  Io»«r 
liabf  front  wvll-muked  spinal  congcfiion.  we  refer  to  the  cok  of  a  tnarrird  lady  a^d 
3S»  who  w»s  piflceil  under  our  ewe  by  Dr.  J.  O.  FMriiiijlon.  Some  four  year»  |ite- 
tiou<^[f  <i}ic  fiiai  1>e|£aii  lo  iiuticc  ceiTiin  >}-mplnnii  fur  which  slie  could  not  account, 
tiut  which  cviiiently  indicaied  some  i!i>luTlj*ncv  of  the  circuUtum,  EUid  powibly  some 
siighl  »piDiU  imiation. 

She  was  then  feKuded  at  hysterical,  and  was  really  tormented  wiih  inauy  of  those 
vague  and  varioui  )>yraptonu  which  accompany  thi>  con:liilon.  Ateocutcd  ivith  Ikt 
[;ener4l  ntfrvoui  distress  at  that  time.  However,  were  a  numlier  of  t[KcJ.il  symptom*, 
which  iJic  readily  called  1l>  mind  on  being  cluiciy  (jUCKtioncd.  Tbc  mou  promincDt 
of  iltet«  wu  a  ■enracioii  of  tendemew  wbcn  hy  any  Kcident  or  deaijiii  pressure  wai 
ciud«  uirer  ihc  lower  [>«(  of  the  spinal  cnrd.  She  recoirecleJ  alio  thai  ihit  saualion 
of  lenlenie^t  was  aL'cumpiUiled  by  pain  in  the  lutver  pait  of  the  bowels  and  in  the  ca- 
Uemitiet.  and  frequently  a  dUposition  (o  DBUsea, 

Thew  n-mptonu  became  neither  mudt  acc*^^^  "^^  decidedly  improved,  but 
continued  to  annay  her  until  about  five  moiitl«  before  she  came  uitder  our  obierva- 
tion,  when  a  great  change  for  the  wortc  manifested  itwif. 

Quite  suddenly  she  found  lh<t  the  power  of  !ui.-oiiioti(>ii  wa^  cunsidcrabty  impaited. 
Slijfhl  exercuie  Etliuueil  her  mure  and  mure,  until  fuially  ihc  was  unable  to  walk  more 
thana  few  hnndretl  feci  without  becoming  excessively  fali^erl.  There  was  a  wnw 
of  heavin«»  w  the  knees  and  feet,  snd  frequently  )l  rc<juited  all  lier  elTurU  lo  uvcT' 
come  [lili  feelinj;  of  helplenuets  and  more  around.  Tliere  wa*  no  >rue>tlieFia  ;  but 
■he  comphutied  of  a  conilant  tinglinEia  thefingen  and  toca. 

Prenore,  when  m-ide  over  any  portion  uf  Ihc  spine,  caused  no  feeling  of  tendernoM; 
but  at  night  the  warmth  uf  the  tic^l  fre(|ucnMy  producol  a  dull  aching  of  (he  cord, 
which  rffpctiinlly  prevented  sleep,  Hoth  night  and  day  *lie  wasannojed  at  Inteivala 
wich  paroxyMns  of  ibortneM  of  breath. 

Hupini;  to  equati/e  the  eitcuUtion,  and  ihut  help  to  teliere  the  coOKCttion  whidi 
wai  Mippuivd  to  exi>i,  we  inoile  u>e  of  the  fatadic  cnirent.  Wc  could  accompli^ 
nothing  with  it,  and  retorted  to  the  galvanic  cuncui,  placing  Ibfl  n^atlve  electrode 
at  the  coccyx  and  passing  the  positive  up  and  down  the  spine — spinal-cord  cnrrcnt. 
The  application  was  administered  every  other  day.  and  wat  followed  by  good  re^ulta. 
The  aentalion  of  lingling  of  which  the  complained  was  entirely  diWpated. 

The  annoying  tliottnev,  of  breath  wa«  so  mudi  relieved  thai  il  wai  only  ocouionally 
and  At  nii^ht  thai  ilie  was  troubled  by  it.  Her  feet  became  permanently  waiiner, 
and  khc  wai  able  to  in<:rea«:  lomcwhat  her  amoont  of  exercivo  withgut  sulTetinf; 
fatigue.  Thew  result*  were  accomplished  in  two  months,  during  which  time  thirty 
Applications  of  ihe  gtUvanic  current  were  made. 

The  prominent  symptom  which  pointed  to  spinal  irritation  aa  theorigisaldiJEcultl 
in  the  case  of  lhi«  patient  was  the  sensitiveiiesa  of  iha  ipiae  to  pmsve,  and  the  ac- 
companying nautea  and  pains. 

The  lymptoms  which  indicated  t1ie  later  stages  of  congestion  went 

T\tA — Incomplete  poralyns  in  a  paraplegic  form. 

Second — A  coostaat  tiagUn);  In  the  toes  and  fingen. 
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ThtrJ— A  duQ  aclung  aIon(  ibe ipiii^  caiiKd  t^varmth. 

Fowth — Shorinew  of  bceaih, 

Tltftc  yfmpi.oia\  toedhcr  with  ibe  abseocc  of  Wfiie  of  ihc  pnwaaau  tndicstioas  of 
nqnlttl*,  viz.,  anxubssii,  pualjw  of  ibm  bliddv  sad  sphinctcx  tsi,  unpsinncnt  of 
'electro-coamctUicy  and  cleciro-teatitMlity.  aad  obo  of  tendcraas  on  praswre  aIodj 
Ibe  ipuiCi  which  doc»  not  aooomputy  the  graver  diteoaet  of  tlie  cord  «bea  Bot  «sbo- 
QUeil  wUh  *|>uttl  irriuiioii^<U)  thoe  folly  confinned  the  dia^oui  of  cooscttioo  uf 
the  cunl. 

Ctr^rat  MHgtttiatt  in  a  ^VHA/  ^^/ — AUaeit  irotigkt  tfM  wAfi*  worlUmg  tn  m 
sfmmf-ntaeAtMf — Great  tfrnporary  relief  muier  central  gatoattaati&it,  g^th/aitt- 
§ati»»  c/  lAe  tympathetk,  and  bramide  of  f^anmm — KeUfte  under  tJU  <Mt< 
/inaa/Mn  o/  the  exeiting  etiHtt. 

Cask  XXIII  —  R.  K^—,  a  pri  twcnljr-fmir  years  of  li£e.  CAme  to  atrepresenl- 
in^  ih  tl  fg(  four  nnnlh*  ^V  Iiail  •u(Tcrc<l  from  xttacks  of  fuloc^  of  the  helil.  Riuh- 
lag  of  the  fare,  wiih  burning  feeling  that  c&me  on,  aomettnc*  every  day,  ofiorally 
la  the  afiernoun  and  eventojif,  when  ihe  had  been  liaid  m  work  on  the  fcwing-mtcbme, 
Slw  wu  em)»loyed  in  a  tbop  where  lihc  wm  exi.<ectcO  lo  work  all  day  on  ilie  nuchine. 
The  coa!iiitmk>ii  of  tlu  latient  wu  enccUcDt,  and  there  were  no  evUenco  of  menae 
diftorder. 

Wc  u<«il  central  gaWuiiutior^  galvaiitulion  of  llie  hesid  KtA  itympaihctic,  uid 
fcacrilied  bromide  of  putauium  inlcnially,  with  iamiedialc  and  decided  relief  but 
the  (ymprunik  recurred  when  site  refitreed  to  h«rd  work  oa  the  machine. 

CtrehrAl  eoagestian  and  txhaiuiMn  induced  fy  avtr-tail  and  xe^rrjr,  ftliavimg  tttrt 
ff  eatetrrh  auJ natai fi^yfi —  TerriHe  iniinnnJa —  TetH^ary  nitminesi — Reeevery 
under  gtittvMtuttii>n  of  train  and  etrvieal  tym/atAetK,  and  interHoi  use  «/  eod- 
fiver  wV  emuisum. 

Case  XXIV.— Mr.  D — -,  t  Kcnllcmaji  of  middle  life,  a  political  cdilariKl  writer 
on  one  of  uui  pruminent  Western  news[}apcrii,  oinmlted  ua  Uccembcr  20,  1873,  for 
per*iMont  iinomnia  of  a  \ay  aggravated  characlcT,  that  for  one  ycJir  had  forced  hua 
10  iry  all  mcthoHii  of  ireJiiraent,  including  hyilropatKy,  homirDpai hy,  tevere  exerHte, 
etc.,  with  bill  liiile  profit.  Tlte  condition  had  come  upork  hlni  u  a  remit  of  over- 
toil in  lijs  piofei&iun,  cumbuied  wiili  ntenl^  aunoyftncei  of  s  mo4t  *eriou  character. 
Fotmerly  the  patient  had  suffered  from  nonl  caurth  (chronic  rhinitb)  and  nual 
polypi :  <u  tie  nrebra!  disorder  eame  an,  Ike  tatarrkal  tj/mptonu  disappeared. 

The  insomnia  bad  hecn  miMt  obstinate!  for  weeks  and  month*  it  had  been  nece^ 
ury  to  use  ubiorni,  else  Ihere  was  absolutely  no  sleep ;  OJid  recently  the  chloral  had 
loat  Mimewhit  uf  '\\.t  power. 

Wc  gave  him  a  few  appllcatioiu  of  electricity,  uung  the  ordinary  methodc  of  gal- 
(■nniziog  Che  brain  and  cervical  tympalhetic,  and  gnve  the  cod-liver  oil  emnlaon.  He 
wot  obliffed  CO  return  to  his  duties ;  but  he  carried  out  the  treatmeni  faiihfully,  and 
now  and  ihcn  reported  his  progresi.  The  improvemcBt  wa^  con^ant  and  pcmnaneni. 
He  got  along  with  less  and  less  chloraL  In  the  course  of  a  few  weeks  he  wrote  that 
he  wai  nearly  well ;  but  he  add& :  "  The  catarrh  b  coming  hack  ;  the  devil  take  it  1 " 
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Thk  relief  of  pain,  whether  of  a  iiseiulo-nciiralgic  or  hysterical  char- 
acter, or  whether  (Irpcndent  on  true  neuralgia  or  other  causes,  i&  a  very 
important  function  of  electrization ;  but  in  no  condilion  has  it  been 
more  difficult  to  discriminale  correctly  in  the  selection  of  tlie  proper 
method  of  electrical  iteatment.  True  neuralgia,  as  defined  by  Anstie. 
is  without  doubt  most  successfully  trealt-d  by  galvanism,  while  hysteri- 
cal neuralgia,  and  the  socafled  jwcudo- neuralgia,  which  arc  simply 
forms  of  pain,  occupying  certain  areas,  and  running  seemingly  in  the 
direction  of  certain  nerves,  yield  most  readily  to  faradisin. 

More  spccitically,  the  cfrect&  ai  pressure  in  Che  various  fornix  of  ncu* 
ralgia  are  ex-eedingly  us^eful,  as  guiding  symptoms,  indicating  the 
proper  current.  VVc  do  not  by  any  means  lay  it  down  as  a  universal 
law,  but  It  will  certainly  be  found  that,  in  the  great  majority  of  cases  of 
neuralgia,  where  firm  pressure  over  the  atfectcsl  nerve  aggravates  the 
pain,  the  galvanic  current  is  indicated,  while  the  faradic  current  has 
the  greater  power  co  relieve  when  such  pressure  does  nut  cause  an  in- 
crease of  pain. 

In  the  cla^ts  of  cases  called  sometimes  hysterical  hypcnestheaia,  U  is 
well  known  that  firm  and  prolonged  v>res8ure  affords  marked  relief,  while 
pressure  superficialty  ap|)lied  increases  the  distress.  The  faradic  cur- 
rent is  here  infinitely  superior  to  the  galvanic. 

EUttro-'HagHosis  in  neuralgia  discovers  the  painful  spots  that  are 
detected  by  |iressure  in  the  course  of  tlie  affected  nerve,  and  may  also 
discover  senMtive  |>oinCs  on  the  spine,  or  the  head,  that  might,  perhaps, 
have  olherwiKe  escaped  observation. 

Treatment. — Before  attempting  the  electric  treatment  of  neuralgia, 
we  should  endeavor  lo  diagnose  its  general  character,  in  order  to  de- 
dde  upon  the  mclhad  to  be  cni[f[oyed.  In  doubtful  cases  it  is  neces- 
sary to  try  in  succi^ssion  central,  peripheral,  and  general  treatment. 

The  treatment  of  the  different  varieties  of  neuralgia  is  the  best  test 
of  skill  in  electrotherapeutics.  I'hcrc  is  no  disease  or  syminoin  in 
which  the  results  of  Ireatment  in  different  case&  so  closely  depend  oo 
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the  nature  and  strength  of  the  curreot  used,  and  the  method  and  be 
qucncy  of  the  applications. 

Cases  that  injudicious  treatment  might  aggravate  may,  by  the  excr 
cUe  of  the  skill  and  caution  that  experience  teach,  be  rapidly  cured. 

The  success  achieved  by  electrization  in  the  treatment  of  neuralgia 
has  been  briUianl  and  rciuailable,  and  would  be  auf&cicnt  of  itself  to 
entitle  it  to  a  prominent  and  indispensable  po&ition  among  inoduin 
remedies.  What  is  more  remarkable  still,  is  that  this  success  has  been 
achieved  by  very  diverse  methods  of  applications,  and  with  imperfect, 
indifferent,  or  incorrect  diagnoses.  All  forms  of  electricity— statical, 
galvauic,  and  faradic — in  all  the  different  methods  and  phases  of  clec 
Irjzation,  general  and  localized,  ceniially  and  penpheially,  by  curreAlv^ 
stable,  labile,  continuous,  interrupted,  uniform,  and  increasing. 

The  pain  is  frequently  relieved  in  the  midst  of  the  application ;  but 
in  such  cases  it  usually  returns  in  ihie  course  of  a  few  hours,  and  soine- 
titDes  with  heightened  intensity.  Some  cases  of  a  peripheral  character 
are  permanently  dispelled  by  one  or  two  applications. 

Electricity  is  applied  fur  ncuralgi:i  in  tlic  following  forms  : — 

General  farMiicaii0tt  and  central  galvanisation. 
Localised  /araditatioK  or  galtaniaation,  central  or  peripheral,  »r 
hffth  combined. 

Gahfonisaiion  of  the  cervical  sympathetic. 

£leciric  brush. 

£lectric  moxa. 

Slotical  eUctrieity. 

Electric  bands  and  disks. 

The  magnet. 

Statical  electricity  works  well  in  neuralgia,  and  excellent  cures  have 
been  performed  by  it,  but  there  is  no  endence  as  yet  thai  it  is  in  any 
respect  superior  to  the  galvanic  current  when  rightly  used. 

Many  of  the  Jailures  and  disappointments  with  ike  use  of  electricity 
in  neuralgia  have  been  due  to  the  mistake  0/  treating  constitutional  dis- 
eases locally,  and  the  central  varieties  periphtrally. 

There  is  one  difficulty  in  the  treatment  of  neuralgia  by  electrization, 
and  that  is  that,  on  account  of  the  intensity  of  the  pain  of  ihc  disease, 
patients  arc  sometimes  unwilling  to  give  tlie  treaimeiiit  a  fair  trial. 
This  difficulty  is  further  increased  by  the  fact  that,  during  or  after  the 
first  two  or  three  applications,  the  pain  may  be  temporarily  aggraifated, 
especially  if  ihc  sittings  have  been  long,  or  with  currents  of  too  great 
Strength.     For  this  reason  the  initial  applications  should  be  made  with 
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cauiion,  and  the  operator  should  not  yield  to  the  temptation  to  renew 
Uiciu  too  frequently.  Once  a  day,  or  every  other  day,  is  about  as  often 
as  applications  can  be  made  with  beneiit. 

As  before  reiuarked,  the  methods  of  applying  electricity  must  be 
studiously  adapted  and  varied  to  each  case,  ever  ketping  in  mind  thai 
all  metfu>{is  of  ustn,^  eleetrieUy  haiie  bifn  succfssful  in  this  diseoit,  and 
that  na  otu  method  is  uni/ormly  successful  n>en  in  the  same  variety. 

Besides  the  central  and  general  electrization,  which  is  to  be  con 
ducted  on  general  principles,  in  onlvr  lo  affect  the  seat  of  the  disease, 
all  the  varieties  of  neuralgia  may  dtinaiid  more  or  Icsb  treatment  in  the 
seal  of  the/uiVr.  For  this  purpose  we  may  use  cither  laradic  or  gaL> 
vanic  currents.  Although  the  faradic  achieves  excellent  results,  yet 
some  of  the  most  striking  results  have  been  obtained  by  tlic  galvanic 
It  Bonielinies  relieves  the  pain  when  the  faradic  only  aggravates  it* 
After  the  faradic  current  has  been  tried  s  few  times  without  effect,  we 
should  never  abandon  the  case  without  resorting  to  the  galvanic,  or  the 
two  currents  may  be  used  altcnialcly.  As  a  rule,  the  applications 
should  be  short  and  made  willi  a  mild  current ;  but  lliis  rule  has 
nmrked  exceptions.  There  appears  to  be  no  special  law  in  regard  to  the 
direction  of  the  current.  The  strong  statements  that  have  been  made  in 
legaid  to  Uie  superiority  of  one  or  the  other  pole  in  this  diseaie  are 
not  sustained  by  ci^pcrience.  Either  the  positive  or  the  negative  pole 
may  be  placed  over  the  painful  points,  while  the  other  pole  is  applied 
'  l»e*r  or  on  the  nerve  centre.  Thus,  in  neuralgia  of  the  arms,  one  pole 
may  be  placed  at  the  cilio-spinal  centre,  and  in  neuralgia  of  the  legs, 
on  the  lumbar  vcrtebrx,  and  the  other  00  the  affected  nerve  (spinal* 
cord-nerve  current). 

The  electric  moxa  is  somciimes  more  rapidly  efficacious  in  neuralgia 
than  any  other  method  of  treatment.  It  is,  however,  a  very  painful  pro. 
ccdure,  and  many  patients  will  not  bear  iL 

It  seems  to  act  partly  as  a  counter-irritant.  Meyer  very  strongly 
advocates  the  use  of  elccinc  moxa  in  neuralgia,  and  sustains  his  poitition 
by  a  number  of  cases.  Very  few  American  patients  in  the  higher  walks 
of  life  will  bear  this  severe  metliod  of  using  electricity. 

General  l*rognosis. — Talce  the  cases  as  they  arise,  without  reference 
to  their  pathology,  duration,  or  situation,  neuralgia  offer?  a  very  favor* 
able  prognosis.     The  majority  of  cases  will  be  cured  or  pejuianently 

*  The  ttiit«raeiiu  of  Niemcyer  uul  otlieiE  that  ihie  fuodic  cuirciit  never  Kuccccdi 
io  Dcuralsia  after  the  gilvnnk  fails,  U  not  true.  Wc  have  mcq  wreral  cues  when 
nrlief  wu  obtkbud  by  faracIUation  with  Kiddo'e  coaiinuous  machine,  after  galraai 
uiion  had  It  lean  apparenlly  failed. 
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improved.     Patients  who  have  tbe  neuralgic  coastitutioD  are  liable  la 
relapse  in  time,  however  successful  the  treatmeDt  mav  have  been. 

Ptroxytma!  atUukt  of  a  m»a  diUrtmng  stnrrai  neurafsia,  Msoeiai^  viitk  mtHar- 
rhagin  an4  annth^ua,  trfottd  fy  gttural /aroMtatiatt — Xffovtry. 

CaskXXV,— .\la<l]tn.buut3o,tnArried,butchildlia55i,b3d  suffered  front  Kvcral  aU9> 
cwrUect,  ood  had  been  treated  fnr  a  lone  lime  Tor  ulceration  of  tlie  neck  o(  the  ntcna 
■hit  finally  )iclded  to  local  appllcalion&  Up  lo  Iter  twcniy-fifth  ycv  ibe  hod  enioy«d 
a  i^od  degree  uf  tieollli  j  but  after  Aer  fini  mUcairiage  the  begin  to  ntfier  frtun  pn>- 
loDged  raenstniation,  atiended  with  aii  cKccMive  How.  ThU  conditum  bad  exbied 
but  •  few  inonthi  when  Ibe  patioit  bct^aji  tu  cxperieucc  certain  «auilciing  \nxta  orer 
tbe  body,  Uial  bcome  more  maikcJ  at  eocli  telum  of  the  calamcoia,  iiniil  the  pai 
oxymi*  aieuitned  a  tnoit  iliitiewng  cbatacler.  They  wcic  Uiually  uifaered  in  hj  ten* 
derncB  and  a  wnuliox  of  i)ppres«Jon  in  ll)c  epijiaitnc  le^ion.  Tlinjuuliuui  [he  whole 
■itack  the  niQ»l  acute  jiaiii  would  be  fdt  over  llie  i.toniach,  and  was  attended  by  vomit- 
ing. Mort  of  ilic  Ijoily  wiu,  honc^-cr,  to  a  greater  or  iess  extent,  affected  by  tbedis- 
order.  The  head  bccaiDC  tender  to  the  toudi,  the  eye»  tntotsant  to  Ught,  atid  tbe 
tMigue  and  Riucoiu  surfaces  of  the  check  would  be  aiftcted  by  a  very  annojing  scnM- 
tion  or  nambnets.  Several  limea  a  year  the  was  prostrated  by  sjmploim  [liat  wer« 
very  utdden  ia  their  onset,  and  cxccediQ|;1y  abtming  in  cJiaractei.  The  pul*e,  ftlmoil 
withnnc  warning,  would  Ul  to  40  or  45  in  the  minute,  and  become  to  feehle  as  to  be 
hardly  perceptible.  The  power  of  articulation  left  her,  tbe  arae«tbesia  of  the  moatb 
and  toiij^ue  became  compleie,  and  her  face  aMumed  a  deadly  color  and  ooldocSL 
These  attacks  lasted  from  twenty  minutes  to  half  an  hour,  and  were  treated  by  tlw 
free  UM  of  brandy  and  carb.  of  ammonia.  An  application  of  £eiKral  faradUation, 
given  anee^«ning  diuing  one  of  her  |>eriodicKl  luonthly  parv^xyimt,  to  relieved  the 
diatreu  tbat  a  quiet  ntgbt  was  the  roult.  It  may  be  bcrc  stated  that  il  was  i]n(XHtt> 
btc  foe  tbe  patient  to  take  opium  in  any  form  with  benefit.  Exceedingly  tmaD  doses 
caoaod  slceplesaieis  and  the  moti  intcnw  excitement.  Inmiably  after  this  we  fonad 
tluit  a  Amilar  appticauioa  woald  greatly  allcvlalc  the  paio.  The  ualn  idea,  however, 
was  to  strengthen  tbe  general  syiten),  and  so  prevent  these  at tadcs.  For  tbispurpoM* 
OA  every  other  day  %he  wa«  treated  tboroughiy  by  general  Earadi&ttton,  and  it  wat  not 
long  before  its  good  effects  were  manifett.  la  the  course  of  a  few  weeks  her  powcn 
of  endorance  had  increased  considerably  ;  and  when  the  menses  appeared  they  were 
of  ihortcT  duration,  and  attended  with  a  much  \aa  \in&  of  blood  than  before.  Tbe 
neuralgic  paint  were  tncomparalily  lci»  iicvcre,  and  id»e  rallted  to  her  utnal  condition 
Immediately.  After  remain li^  tmdet  Ireatincnt  >everal  months  ih«  was  diichargad as 
cored.  Five  years  have  ebtp*ed  since  treatment  was  discontinued,  but  she  has  never 
wflered  liiiec  from  tbeie  occaaanal  altadis  of  which  mcnlioo  was  made.  Her  men- 
Ks  fr™ft""*  HfBlir  ud  ■Ofmal ;  and  it  is  only  aHcr  great  provocaiion  that  tb«  ero 
ezperiencea  paroayms  tike  ihoie  of  former  daya. 


lnitr<Kt*l  nturaigim  «/a  maiarial  origim—Jltavtrj  mm^tr  gtmeral  /■ 

and  fuimint. 

Cask  XXV'I.^A  young  man,  wbo  bad  been  cxpuied  to  the  hardships  and  daaficn  of 
a  frontier  life,  was  fnSrria^c  from  ^UTCSsisit  patus  that  wvre  confined  maiidy  10  the 
thoracic  region  on  either  lidc.     Several  months  before  we  nw  blm,  bewasimataicd 
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by  an  attack  of  laterndttent  fever  that  fccarrerf  wrenl  timet  after  bcin^  >pparaitlr 
tabdoed. 

One  of  the  peroxjrsms  w&i  followed  bf  what  his  tttend&nt  called  " &rm>  agu<'*^ 
«  leim  not  unfunittitr  some  jean  xgo  to  the  midenls  of  mnUriai  diitticlK. 

It  WM  chanictcriBed  by  itiarp  )ilioo4ing  puns  all  over  the  hnd  und  bee,  affecting, 
boverer,  Cfpccially  the  forehead  anil  eyes.  The  neuralgic  fjrmptomi  loon  abandDned 
tbcM  parts,  but  \a  %  few  days  manifested  tliemxlves  by  an  uniuually  Kverc  poroxynD 
in  the  chnt  and  side.  For  a  number  of  rnuDlht  before  he  fell  under  our  notice,  ai- 
laclcs  of  tntercostal  nennlfpa  occurred  at  intervaliof  two  ortiiroc  days, 

TTie  patient  experienced  no  diilinct  chills  or  narked  febrile  exciietnent,  bill  the 
nearalgia  wiu  almost  iBmnably  tithered  in  hy  a  creeping  leixMllon  of  cold  down  t1ic 
back  and  limbt.  The  exciting  cause  wai  undoiibtedly  a  malarial  poiton.  Ttic  didg- 
noiis  of  neuralifiawM  unmistakably  canfinncd  by  the  piescDce  of  that  almoM  palliog- 
nomomc  symptom,  namely,  pain  on  pressure  over  thc>{»noiM  process  of  one  of  ihelasl 
donal  veriefarK.  A  eradual  unprorcment  took  place  uidcr  froqucnt  ecneral  appjica- 
*lont  of  the  faradic  current.  Quinine  wu  luIminisieTed  at  the  same  time,  to  that  wa 
cannot  MnXt  in  positive  term^  the  esact  amount  of  credit  dne  elect riiat ion.  it  niiirt 
be  remembered,  however,  thai  quinine  had  been  taken  for  some  time  previouily,  and 
ytKt  followed  liy  no  very  marked  mull*.  The  first  application,  adminiilered  during  a 
paroKymn  of  ordinary  severity,  was  fallowed  by  a  vrry  gialeful  amelioration  of  llie 
pain,  and  In  all  subsequent  attacks  the  same  reratt  followed. 

Ten  opplications  served  to  break  thepcriodidly  of  the  attacks,  and  Co  place  him  on 
a  plane  so  little  below  the  normal,  that  it  could  be  birly  sud  of  htm  that  he  vrai 
■pproximalely  cured. 


lttUrt«ltat  nmraigia,  ritMUing  from  expwtrf  to  caatf  life—3piitat  Irritation^ 
Dtbilily—Rafiii  improcetntnt  amJ  ravfery  unJtr  gtntral  /araJhatioH, 

CasxXXVII. — L.  C,  agedsS.  served  in  a  Nevada  rcpment  for  three  years  durtng 
the  war.  After  Ills  diicharKe,  in  the  fall  of  1865,  he  was  taken  with  acute  articular 
rhenmalLtdi,  which  confined  htm  to  a  hospital  during  the  whole  winter.  I'he  upring 
found  him  much  belter,  and  in  af;winonthi  there  seemed  lobe  no  vcsligeof  the  rhcu- 
matiun  remaimng.  HU  health  remninrd  dcHca^te.  f  n  July,  1866,  be  was  taken  with 
severe  {ttitis  In  the  back  and  side.  He  was  treated  by  locollMd  faradization  a  fevr 
ttmeiv  but  with  no  appreciable  benefit.  Tlte  neuralgia  increased  in  severity,  locating 
itself  between  the  ribs.  In  January.  [S67,  he  applied  la  os  for  treatment.  He  was 
iben  extremely  weak,  and  presented  a  remarkably  anicfflic  appearance.  Tfaere  was 
very  great  bypencuhe^  over  the  peripheral  cxpaiuion  of  the  affected  nerves.  Slight 
irritation  by  the  finger-nail,  or  moderate  preastire  by  the  hand,  vros  suBident  to  causa 
considerable  pain.  On  account  of  his  extreme  sensibility  he  was  obliged  to  tuhgitittita 
for  the  coarse  red  flannel  which  he  hod  been  accuslomed  to  wear,  an  nndcntiirt  of 
finer  texture.  Prenre  made  upon  the  fir^l  spinous  procaBOB  of  Che  doral  vcrtebce 
caukcd  no  oneadness,  hut  when  the  sixth  and  sercnib  processes  were  firmly  pteaMdl, 
the  (Mllent  loudly  cnmplainetl.  We  gave  him  a  general  application,  oi  is  our  custom 
in  iDch  CMsa.  The  whole  tiy^lem  vtw  brought  powerfully  under  the  Influence  of  the 
bradic  current.  The  appUcalioo  at  once  relieved  him,  and  in  three  days  be  was 
dtrccled  to  come  again.  During  that  lime  he  lufrcred  much  less  than  usual ;  Ins  a|> 
petite  had  improved,  and  for  (he  first  thirty.nx  hours  he  was  much  inv^goraled.       He 
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viMted  xn  for  one  month,  during  which  time  hcrecetTedtcngencrxl  Applications.    Tlie 
impTovement  wuiimiiternipled  fromlhe  beginning. 

After  ihe  fsuiih  a.ppl{ca(iun  lie  (ufTerttl  no  more  frotn  the  nnua^ia.  Tlie  color 
retumet]  to  hit  cliMk ;  hi»  appeiitc  l>ccune  more  vigorvtu  fron  week  to  week,  and 
wbea  be  diKoatiiiued  Ireatmoit,  we  regtrdcd  turn  as  oonipvzttTcl^r  wcU 

Thi?  case  called  for  a  powerful  const! tutiona]  tonic  Hardshiiw  in 
the  army  and  previous  disease  had  reduced  his  stock  of  vitality  to  siich 
a  degree  tliat  our  ordinary  internal  tonics  failed  to  produce  tJicir  accus- 
tomvd  results.  His  nervous  system  had  been  io  shaken,  and  all  his 
functions  so  disturbed,  tliat  he  could  not  assimilate  Ihe  iron  and  bitters 
that  were  so  much  needed.  It  is  in  such  cases  that  general  faradiza- 
tion achieves  most  satisfactory  results, 

Ctntral  Nfuraigia. — Under  this  head  we  incltidc  those  cases  of 
neuralgic  pain  that  certainly  depend  on  pathological  lesions  of  the 
central  nervous  system. 

The  neuralgic  pains   of   locomotor  ataxia  belong   to    this 
Those  who  with  Dr.  Anslie  regard  neuralgia  as  a  distinct  disease,  de 
pendent  on  atruphy  uf  the  roots  of  the  nerves,  do  not  regard  iheee  pains 
as  really  neuralgic.     Under  this  class  also  come  certain  varieties  of 
headache  and  cervicril  neuralgia. 

Cephalalgia  t^Ifiodache). — Headache  should  be  treated  by  general  or 
localized  electrization,  according  to  the  indications  of  each  case.  Dry 
fiuadization  with  the  hand  is  used  successfully.  Stable  galvanization 
or  faradization^  uniform  or  increasing,  may  be  employed.  Labile  ap- 
plications with  the  moistened  hand  arc  sometimes  of  service.  General 
braditation  is  more  effective  than  localized,  for  the  reason  that  in  so 
large  a  proportion  of  cases  the  pain  in  the  head  is  so  very  frequently 
^mptomatic  of  disease  of  other  parts  of  the  body,  the  ]ircctsc  nature 
and  locality'  oi  which  we  cannot  possibly  detect.  Central  galvanization 
is  sometimes  more  efficacious  than  any  other  method,  Relief  not  un- 
frequcntly  follows  galvanization  or  faradiiation  of  the  stomach,  or 
bowels,  or  spine,  or  galvanization  of  the  sympathetic,  even  when  the 
head  is  not  touched.  Applications  to  tht  back  of  the  neck  are  tometimes 
mere  efficacious  than  direet  applications  to  the  head. 

Frognosis. — Although  headache  in  this  country  is  even  a  more 
frequent  symptom  than  dyspe[)sia,  yet  patients  do  not  usually  apply  for 
ireatment  for  this  symptom  alone,  but  only  when  it  is  associated  with 
more  special  and  distinct  affections.  The  immediate  effects  of  eleclrira- 
tion  in  headache  are  as  variable  as  the  pathology  of  the  symptoms.  It 
sometimes  relieves,  sometimes  aggravates,  and  sometimes  gives  only 
negative  results.    Sometimes  the  pain  is  relieved  in  the  midst  of  tlie 
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BiltiDg;  more  frequently  the  relief  does  not  appear  for  several  hours. 
There  is  no  reason  to  be  discoaragec]  because  immediate  relief  is  not 
obtained.  In  very  many  of  our  cases  of  dyspepsia,  of  anaemia,  chlorosis, 
nervous  exhaustion,  paralysis  headache  is  a  more  or  less  constant 
symptom,  from  which  during  the  ireatmcnt  they  usually  obtain  either 
relief  or  cure.     In  rare  cases  all  other  symptoms  yield  but  this. 

In  many  of  the  cases  of  dyspepsia,  neurasthenia,  anietnia,  and  hys- 
teria, headache  was  a  prominent  symptom,  which  was  not  only  tem- 
porarily but  perounently  relieved  by  the  treatment.  If  we  were  to  judge 
from  our  own  observations,  electrical  treatment  U  even  more  efficacious 
\o  prevent  attacks  of  headache,  by  improving  the  tone  of  the  system, 
than  to  dissipate  the  pain  after  it  has  once  set  in. 

T^e  Magnet. — The  therapeutical  results  that  have  been  obtained  by 
the  magnet  in  the  treatment  of  headache  are  not  sufficiently  encourag- 
ing to  entitle  it  to  special  notice.  Something  has  been  claimed  for  it, 
but,  as  a  rule,  it  has  been  found  that  it  is  necessary  that  the  patient 
should  be  of  a  peculiarly  impressible  organization,  in  order  to  be  in  the 
slightest  degree  affected  by  it.* 


FrtfutHt  and  severe  htadathit  In  a  girt  «f  Jt/leen  tinee  tht  age  0/  f<mr — Afproxi 
mate  re<in/ery  under  n  mantA  e/  eetttml  galvattitaii&n — Sufiteyuenf  rtiapie. 

Case  XXVIII — Misi  C.n^cd  15,  cmimlted  ut  it  the  tugecstton  of  hci  phjrticion. 
Dr.  Evcrcit  Herridc  The  p.\tiem  vnu  amdl  of  her  aj>e  and  mennrtiKted  iaix  &l  the 
BfC  of  eleven.  In  regard  to  herolilKry  jnFlticncet  it  may  be  fuild  that  her  father  hod 
for  mftn)-  >«ar»  suifercd  ffoni  periodical  attacks  of  headache^  and  ih»t  licr  auiiii, 
$tiUrs  of  her  father,  had  alto  meniiruated  nt  about  ifac  same  early  age  as  the  palieiit 
hencir.  The  Intlowing  were  thr  nytnptaiEis  for  wbicrh  relief  wo*  nought ;  Since  the 
age  of  fi^uT  &Le  bad  tiUlTered  bileiiFcLy  from  Iie-ndache*  auociAlGd  with  Toniititig,  which 
lattnly  hod  incYcated  in  freqaeiicy  until  four  ovi  of  the  Mven  days  of  the  weelc  was 
the  ortlmary  ratio  of  the  sick  day«to  thewelldnyt.  It  Riay  l>e  leraiLrlted,  however,  that 
at  DO  lime  wais  she  entirely  free  from  pain.  The  general  hcniih  and  strength  of  the 
patient  vtus,  faiT;  hut  Che  ctrctdailan  wasfcehleond  the  appetite  not  very  good.  Ceti' 
tiat  tre«tment  being  iDdieatecl,  we  began  the  UM  of  tliis  method  by  the  applicDCion  of 
the  galvanic  current  from  four  ordinary  rinC'Cftibon  ct\\\  &nd  dining  the  treatment, 
ooiiiHifing  of  seventeen  ^anco,  niul  ailcitcling  from  May  loth  to  June  l6th,  we  giod- 
nalty  inLTcavd  the  nuinhcrof  celH  Co  eight.  It  waJt  obtervecl  that  the  altackt  greatly 
deercased  in  ficquency  and  tevcrity,  and  when  the  tcfl  the  city  for  the  annual  nnnmet 
vacMion  she  wan  but  little  annoyed  by  her  old  enemy.  Wc  letmiied  incidentally  that 
■nb  lequcntly  the  patient  rclapwd. 

*  Tripier  (AniAes  de  l' Elect  rot  h^rapie,  1863)  presents  a  r^aum^  of  some  not 
very  convincing  expei^ment*  of  I'^blij  Lie  Noble  in  the  treatment  by  the  magncl  of 
hevLtcHc  and  other  nervoui  aRections.  The  experiment*  were  recorded  by  Andry 
and  Thouvet,  In  "  M^tnoire  sur  le  Magn^tisme  MMicinal."     Farii,  1782. 
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tian. 

Cask  XXIX. — A  pat!mt  from  wliom  a  large  6brou»  tumor  of  th-e  ulenut  lad  been 
lemovrcl  wveral  monllis  before  *)ic  fcU  imtlcT  our  ohicnnition,  compIam«d  of  »Dch 
conMinl  and  Kvere  netiralgic  pain*,  which  Kcrmwl  seaie<l  in  the  centre  of  Ihc  htiin, 
that  a(  ihneoJieiilmort  tuM  control  i»fter»eUbui!i  physically  aa<l  aientally.  Nenralglft 
luul  been  a  symptom  from  which  iJie  hot]  sutfered  more  or  less  for  ytasi,  but  for  lest 
acuta  in  decree  chnn  after  the  operation  mentioned.  From  Mnrch  tatta  to  30lh, 
1S72,  ccnlral  galvanizatiAti  was  applied  on  live  occadons  and  wich  excellenl  rcfiulti. 
Tbe  pains,  alchomrh  not  entirely  dissipared,  became  Ear  lc«  diitresung  in  duuadcrf 
RDd  ceased  olCi^ctiicr  to  eierl  onf  mental  infinence. 


Throat  dytmsthttia,  atrociaieJ  wilA  ttvtrt  €epkaialf[ia  of  t»tntyyear^  tlan^ng^ 

DccUeti  riliff  tinder  ientrai  gafvamsatifit. 

Case  XXX.— Mn^  T.,  who  wm  directed  to  xa.  hj  Dr.  C.  K.  Agnew,  luuMbr  m 

jwnn lufTered  from  ftn  almmt  constant  ind  piinrulhcavinen  abnnl  the  head  Risdcyclidi. 
Associated  with  Ihi^  symptom  were  fr«quent  periodical  attacks  of  the  moU  interiM 
cepliAlalgfa.  For  the  lau  few  yeiu^  llie  patient  had  complained  of  a  local  neuralgia  of 
loinewboC  rare  oecurreiicc,  noticed  l>y  Himficld  Jone*  »  •' throat  djieerthcat* 
Dysphagia  wa«  pretcnCt  with  >l  senu  of  impemSin^auAbcation,  with  heat  and  drjim^ 
Inspection  rcTcaled  no  inflammitioo  suflicicnt  tn  account  for  the  di«re«L 

The  treatment  coiuisied  of  some  25  spplicaiionit,  almos.!  vthoUy  by  the  method  of 
cenlrol  galvanixaliDn,  and  with  m<i»t  decidedly  Ijcneficial  rcwit*.  The  hcnvtocn  of 
tlie  bead  and  eyes  w^  much  relieved,  *ai  the  ccphalalifia  occurred  at  for  £rcalcT  tii< 
tenrab  and  with  loa  cereriiy. 

The  throat  dtfEculty  yielded  more  readily  and  completely  than  tht  otfa«r  fyrnpAona* 

It  was  a  noticeable  fact  in  the  history  of  the  treatment  of  the  above 
case  that  at  the  outset  a  mild  current  of  say  from  five  cells,  irhen 
applied  to  the  eyes  while  it  was  not  unpleasant  and  produced  no  aggra- 
vation of  pain,  signally  failed  to  lelieve. 

A  current  from  three  cclU  vras  invariably  followed  by  immediate 
alleviation  of  pain. 

PtrtiittHt  and  emulami  ctfkalatgia  of  tang  ttanJutg — AitittlheHa  ef  head — ffy 

relief. 

Cask  XXXL — Mr.  R.,  a  clerk  ngcd  33,  was  refcn-cd  to  ns,  April  27,  1869,  bj 
Di.  Uallet,  of  Bcoolclyn.  TTio  yornig  man  bad  been  many  mancbs  aMfflercr  from  per- 
tisieni  palu  throujch  [h«  head,  in  all  partH  of  it,  even  to  the  bock  of  tbe  neck.  Treat* 
menl  bad  been  of  no  avail.  His  conslilution  was  of  the  nervotis  variety,  and  hla 
lymptoin  was  aggravated  by  hi)  sedentary  mode  of  life,  aiiil  by  any  saitaincd  mental 

Jiltelrie  txam!naticn  with  both  galvanic  and  faradic  carrcnti  demooitrated  a  very 
ununia!  laet  of  itmitivintu  ta  thi  eurrritt  hh  all  farii  of  the  head,  which  in  health 
can  beu  only  very  gentle  currenti.     All  the  modificotiont  of  aJ«ctTLialton  were  em- 
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|)lA7«d  for  four  weeks,  without  mailing  the  feeblest  impression  on  (be  sj-mplona.  Nc 
lempomT-  relief  could  be  obl«ined  cither  rfurinu  or  »ftef  the  s&ince.  Tlie  mwrt  lui- 
UMul  fact  of  all  wm^  that  llie  |>ain  could  not  lie  letaporariljr  nggrarBteil  or  changed 
in  itt  character,  even  hy  powoful  ui<l  somewhat  pralangcd  galraniiation.  Tlie  fail- 
Die  w*s  complete;  afier  four  week*'  ircatmont  the  patient  iras  dnmisvl,  no  better 
KkI  no  wonte  thau  at  the  uutwt  of  the  ti'eainient. 

The  patient  a  few  years  subsequently  coniinitted  suicide,  being  driven 
to  the  desperate  act  by  constsnt  and  iinrclicrvi;d  pain, 

A  careful  poM-mortem  examination  made  by  Dr.  A.  B.  Crosby,  in  the 
presence  of  Prs.  E.  S.  Bunker,  S.  Cm.  Armor  and  ourselves,  revealed  no 
pathological  lesion  that  would  satisfactorily  account  for  the  symptoms 
durinjT  life. 

Sic/t-/itaa\u-he  {Afigraine). — 'L'he  results  of  our  treatment  of  sick- 
headache  by  electricity  have  not  been  quite  consistent.  In  some  cases 
the  relief  has  immedi-itely  followed  treatment ;  in  other  cases  some 
rime  after  treatment ;  in  still  other  cases  there  has  been  no  relief,  tem- 
porary or  permanent. 

Skit-hiadatkt — Vomiting— Nff  rtUef  /rem  faraJisathn, 

Cash  XXXII. — In  Iheoue  of  a  yonnglady,  theoruel  of  (he  pain  is  very  ^Kculiar. 
Wilhost  the  sliglite^t  uraming,  when  at  cliurch  or  walking,  at  the  piano  or  aigaged 
ill  houfchoM  <luli«,  tier  vision  vrill  become  blurred.  Objecta  before  her  seem  to 
djuce  about  in  ercrjr  Oirnliun,  ai>d  she  ia  unable  to  recogniie  familiar  faoen.  No 
barometer  ii  so  accurate  in  iiulicatiiig  »Iarm«  ax  are  theie  netvou*  lymptrnni  in  For*- 
tdlmg  (lie  conim(>Eit>ii  ali'jiit  lo  lake  place  in  Her  liysltrm.  Soon  the  blur  befi>rc  the 
•jmptrtiaUy  di»ppcar^  iUt(]  a  mont  rji(;ing  hcadai^he  sets  in.  The  arterie*  in  ths 
tmptss  rwelt,  itnd  pulute  with  great  rapidity  and  force.  .Slurp  bndnating  palm 
dart  all  ever  the  head  and  through  the  eye*.  At  a  rule,  vomiting  of  a  grumoutdook- 
Ing  li<]tiiil,  mixed  with  bile,  accompanici^  the  other  symptoms.  After  laslin^;  fmrn  is 
to  24  hours,  the  Mvcritr  of  the  attack  abate;,  ]earui|*  bei  in  a  someirlMt  debilitated 
rialc,  from  which  she  UKin  recarcrx  I'*lecL[iiat.ion  failed  to  give  any  rElicf.  IJromidr 
of  potawium  in  the  only  remedy  that  has  any  effect  whatever.  Wiven  in  doses  of  10 
JITS.  M  soon  as  the  eyes  Ijecorac  bluired,  it  will  frequently  leaun  ihe  severity  of  the 
pain  in  the  head. 

In  the  can  of  a  stter  of  (hi  above  the  headache  is  preceded  by  no  blurring  of  the 
ejrea,  but  i*  aceon^anied  by  an  excessive  and  dtstrening  tenw  of  mervtusiutt.  cansii^[ 
the  paiicnl  to  throw  her  limbs  and  body  about,  and  to  ■•feel,"  to  um  her  own  expret- 
(ton,  "  as  if  she  would  lly."  A  number  of  applications  of  the  faraJi-  current  enabled 
her  to  overcome  ihii  feeling  of  nrrvontneu,  and  thui  reliever]  her  of  one  v«rv  annoy 
ingiymptoin  of  her  disorder.  Generally,  though  not  always.  In  iho  cases  ju>t  rvlaled, 
these  attacks  of  slclt -headache  occur  Just  Iwfore  or  during  ihe  menstrual  jierlod,  and 
•0  woeM  Mem  to  be  influenced  in  »mt:  meamre  by  this  function. 

The  tiue  principle  of  treatment  is  to  tone  up  the  system  by  a  perse- 
vering use  of  general  faradization  and  central  galvanization,  with  other 
38 
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Ionics,  so  that  the  paroxysms  may  be  less  frequent  a-nd  less  severe;  in 
other  words,  to  coiiibal  the  fffnw/j  <//a/A«(i  of  which  the  sick-hcadachc 
is  but  a  symptom. 

The  ftillowiftg  cose  illustrates  the  advantage  of  carrying  out  this  prin- 
ciple  of  treatment. 

Migraintsftrvfratytarf  Hamming  im  a  fa^ytfa  Vtry  mtrv^m  ttmperamtnt — Vtrf 
great  and  ptrmantHt  imfrMvmtnt  mtier  nntral  gaJvanitalivM. 

Case  XXXIII.— Mrs,  K.,  a  j-ou&KUixtiicd  lady,  diuijhtcr  of  a  phjrucian,  was  of  « 
>|>Kia1ly  tH^n-Diw  orj^ii;i:ilian  by  iuhcritance,  anJ  li»(l  iulTercJ  fruin  neurullvenia, 
itpinal  iriilation,  and  especiaUy  from  fretiuctit -iilacki  of  migraine  We  tfcatiad  her 
during  the  IntCTvals  of  her  aiU.'ks  for  twelve  [imes  by  central  galvanintion.  Tlicra 
wu  Immeiliaie  Improvement ;  ihe  ftttarlcn  beeune  less  frequent  uid  Itos  Kverc  Tha 
ifDpravcmcnl  aiivAnced  after  IrcAliDcnt  nuditcontinneH,  unEtl  the  wax  almost  eniuely 
free  from  mi^iainc. 

FACIAL     NEURAt.OIA — (EPILEPHFORM     NEURALGIA — FOTHERCIILL's    DIS- 
EASE— TIC  DOULOUREUX). 

Facial  neuralgra  appears  under  two  forms.  The  mild  form  is  usually 
of  a  pfri|)heral  character,  being  caused  by  neuritis,  pressure  from  effu- 
sion, or  decayed  teeth.  This  form  usually  yields  readily  and  surely  to 
cleclriiation.  The  severe  form,  to  which  Trousseau  has  given  the  name 
epilcptifonn  neuralgia,  is  probably  of  a  central  character,  being  caused 
by  a  variety  of  pathological  conditions  of  Ihe  brain. 

The  symptoms  of  this  form  of  facial  neuralgia  arc  ihc  spasmodical  and 
very  intense  character  of  the  pain  in  the  course  of  some  of  the  branches 
of  the  fifth  i>air.  The  spasms  arc  cf  very  short  dntalion — ten  to  fifty  or 
sixty  seconds — and  may  be  accompanied  by  convulsive  action  of  the 
mu9clc».  The  attack  may  be  brought  on  by  any  exercise  of  the  jaws, 
as  chewing,  reading,  eating,  or  talking.  The  pain  is  so  great  as  to  catis< 
the  patient  to  stnp  his  face,  or  frantically  rub  the  spot  over  the  acit  of 
the  pain.  Sometimes  patients  who  have  great  self-control  stamp  violently 
on  tne  6oor,  jump  up  if  they  cbance  to  be  sitting,  pace  the  room,  and 
utter  piercing;  cries. 

This  terrible  disease  has  usually  been  regarded  as  almost  incurable, 
and  is  so  pronoimced  by  Trousseau,  who  has  graphically  described  its 
symptoms.*  Section  of  the  nerve,  of  which  so  much  was  once  ex. 
pectcd,  is  new  but  seldom  used,  and  permanently  succeeds  only  in  ex- 
cepiional  cases. 

By  a  judicious  and  vacied  use  of  peripheral  faradization  or  galvaiiiza 

*  See  his  LectUT«i,  Buire's  Trarulation,  part  I,  p.  105. 
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tion,  or  by  the  elcclric  moxa,  or  by  galvanization  of  the  brain  or  cervi 
cal  sympathetic,  a  certain  portion  of  these  terrible  caK>s  can  he  relieved 
or  cure<1.  Our  experience  does  not  yet  enable  us  to  say  what  propor- 
tion the  failuies  will  bear  lotlie  succes&es;  but  iroDeca.sc  out  of  ten  can 
be  relieved  or  cured,  it  is  justifiable  lo  try  electricity  in  all,  since  most 
other  modes  of  Ireatinent  olTcr  no  hope. 

We  present  t)-pical  examples  of  both  fJailure  and  success  in  the  elec- 
rical  treatment  of  this  disease. 

Efiltptifarm  nntralgia  of  Ir/i  titte  of  /aee,  »/  two  ytorf  standings  triattd  vitA- 
out  btnejit  by  variMU  imttkeJi  of  tUelrttatten. 

CAStXXXrV.— Mr.  I'..a;;uJ— .  wasseailou^Novcrolwr,  1S69,  by  Dr.  Willatd 
Parbet,  witH  typical  »yiaptom.iiif  eplcjitirtirm  neuTol^jia.  Tlicpatimt,  though  3  man 
»r  mild  temperament,  itampeil  furiuoxlyon  tlic  Aoor,  cnn  while  telling  ut  tiis  hlilory, 
Th*  KpaMDt  of  [»ain  appcarcil  in  one  v|«il,  in  the  coune  ni  the  lower  liTandi  of  the 
liifodal.  The  t[<»ieral  loeslth  of  th«  p&licnt  wss  not  srea^tly  inip^ued,  ollhuugh  ht 
IimI  mlTered  fur  iwu  yean. 

We  Cried,  in  nicccsslon,  all  means  of  cltctricaJ  trcatmcnl,  with  both  currentit.  At 
one  time  lome  temporary  lienetit  appeared  lo  have  been  derive^! ;  it  wa.%  ho^rever,  of 
ritort  duntioD,  and  the  paroiykm*  returned  in  TuM  force. 

Aftcf  tea  a{>plicalioiu  the  patient  abkiiJoncid  trcAtmcnl,  utterly  ditbeartened. 

Jn  the  above  case  we  made  the  aEiplicalions  tvice  a  day,  as  (he 
patient  could  stay  but  fl  short  time  in  town.  It  is  possible  that  better 
results  would  have  followed  if  1  longer  interval  had  been  allowed. 

We  now  turn  to  the  pleasantcr  side  of  the  picture. 

\£fU^i/»-m    Httir«/gia   if  fttw  ytar^  ttamdimg — /mfrwement  nHder  htalitd 
faradMtioM  ;  temporary  aggravation  by  gahmmtatioM, 

Case  XXXV.— Mr.  M,,  ^-^A  65,  of  exit aurdinor;  vigor  pf  co&ititotion  and  p«^ 
ftctly  temperate  in  every  haUt,  iiulcd  tluU  wmc  two  years  hdcc,  in  Iho  year  1865,  he 
first  noticed  a  tJlght  pricl:ing  aetiation  under  the  lobe  of  the  left  ear. 

For  one  yc«i  this  feeling  occurred  only  occnnonally,  and  annoyed  him  but  Itttte. 
At  the  expirxtion  of  thi*  Ciiiic  the  attacks  became  lautc  (icqueiit,  were  cooiuieiablj 
proloogadf  and  produced  actual  paiu. 

Il  was  a  URgutoi  feature  auociated  with  hi«  condition,  that  expontre  to  the  atm'f 
rays  for  a  few  momenif  would  invariably  occasion  an  attack  of  pnin.  About  tbii 
jine  the  tots  of  s  larine  antount  of  money  was  a  cauw  lo  liiai  of  grcait  anxiety  of 
atind,  nnd  evidently  aidwl  in  acC^vaiiiij;  his  diiordcr.  The  paroxysmi  of  pain  io- 
creased  in  frrt]ueti>;7  and  Kventy,  until  it  was  his  sorrow  to  sulfer  the  sieatcr  part  of 
every  day  front  the  ucruciatiag  torture  of  the  wor»l  fiiim  of  facial  neuralgia.  At 
oij;!il  be  mffcrcd  but  little,  but  with  the  riiing  o(  the  not  liii  distrem  hegan.  The 
inttanl  be  opcne^l  hii  mouth  to  ificak,  (laiting  paini  would  slioot  over  every  poitiuo 
of  liii  face,  followed  by  a  profuK  flow  of  saliva. 

The  act  of  eatinj;  was  attended  with  even  Krealei  inSering,  and  frequently  hr 
wonld  continue  hungry  fur  hours  rather  than  make  the  attempt. 
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For  t«ro  jrtan  he  mtkrcA  In  ihb  manner,  wilhoot  being  ftble  to  obtain  more  Uua 
digbt  temporary  rclirf.  Upon  a|ip[]rtng  to  v*  we  immedtnlcl)'  localued  an  exreel* 
ingly  mild  and  fine  raraitic  current  through  the  tiifrcreiii  rojnificaiiotu  of  the  tUih 
poir.  with  iouncJlnie  bcneticial  cfTccI.  The  pftin  frnra  which  he  w«,s  ihen  suffering 
wu  subdued,  wul  durEn^  the  ivro  suct'eediog  dnys  pitio\yMni  or  yaia  were  much  lc>& 
rcadilf  excited  than  uxunL  A  tceoml  Kpplintiori  teuilted  in  xliJl  ftuihcr  improve- 
ment ;  hm  at  the  third  vint.  hoping  to  accelerate  the  core,  wo  made  luc  of  a  tnit 
iralranic  current  from  sx  of  BDnien'ii  eclls. 

Tlic  effect  watmoit  cli«i>trou(.     The  nnintlgic  ntloclts  Tctiimed  with  more  than'' 
anltiury  Kvetily,  and  gave  (he  patient  no  rcit  unit]  we  mw  him  again  the  not  day. 
An  applicaituo  of  tite  fanidic  current  agajn  relieved  the  pain  as  elTeclually  a»  before. 

Fiom  l)ii&  time  onv^^rd,  under  the  odusivc  um  of  Ihe  faradic  current,  the  iiu- 
proretnenl  was  uniotcrrupted,  until,  aflcr  remaining  uadcr  Ircatmcnt  ax  wcekG,  and 
receiving  eighteen  applimtionit,  he  w»  discl^ar^d  approumiitely  ciiTe<t.  Occa- 
uonally,  after  n  long  converHttion,  he  fecLi  sameihing  like  a  twinge  of  the  old  pain. 
but  it  is  »o  slight  ai  to  give  him  little  annoyance.  _ 


iVfuralfia  ^f  Ikt  tnperieir  maxillary  and  of'kthatmit(>ntnehnoflh*fi/t*if'air,/al' 
lotttd  by  ttra^i.-mnf  cgrn-rgfnt  and  fr^JKiion  of  the  tyi^tti-^Trtatnunt  ^  letal- 
iMtJ /araJuaiiitK — Xeeavny. 

C^SB  XXXV'L — liiSpplember,  1S67,  the  following  luiie  novel  cate  fell  undet  ont 
o'MervtiJoii,  Tbeiistieni  was  a  married  lady  (at;ed  35),  wIjo 'Stated  that  111  July,  1S66, 
ilie  Ma4  taken  suddenly,  during  the  night,  with  severe  neuralgic  \»1d  in  ttie  right  tide 
of  the  face,  along  tlie  cuune  of  the  »u|)eriur  cnaKillory  divinon  of  the  fifth  pair.  :itnce 
the  lirFl  attack  the  pain  had  been  olmoit  coiutnnt,  and  fici]aently  occnrreO  in  i^n- 
longcfl  and  acute  parosytms.  Before  the  disease  manifested  itself,  ihe  wat  of  a.  full 
and  .iToul  habit,  aitd  had  cnjnyed  good  health.  1  ler  wfTcriTig^  honcrcr,  made  alarm 
tng  itiToadt  upon  her  genera]  conxtilnl  ion.  When  w^  firrt  mi*  her  *he  «-«  m arliei 
frail  and  aitannic. 

She  vf»i  able  to  laVe  ^nt  tillle  exerciK,  and  her  np^:«iite  was  poor  and  capridoiui 
In  April,  |8€S,  tUeoplilhalinic  branch  l»came  BlTb;te<1,  and  the  pain  changed  its  »aiti 
coursing  tJong  this  pcrve  Rnd  sccmtng  to  spend  itself  hchind  the  c>-e1iallK.  Sinihivnus 
convergent  followed  almost  immediately,  and  the  eyehalb  rapidly  projectcl.  until  ir 
onumed  moat  itninghtly  proportions.  She  hati  hecn  nntiring  in  her  search  for  relief, 
but  finally  became  deprived  of  hope  of  any  ameliornlioa  of  her  Hymptomv,  when  the 
u*c  of  electtitily  was  suggested.  We  made  an  c»lrcniely  mild  application  of  a  faradic 
cuftenl,  and  miceceded  to  a  consiiderable  extent  in  ditsipating  the  paroxyvB  fiota 
which  she  wan  then  (U-flering. 

Daring  the  two  days  that  intervened  before  the  Kcund  visit,  iht  suffered,  but  not 
so  aevercly  as  before.  When  she  presetiitxl  herself  for  the  third  application,  die  had 
an  enoouraging  accoant  to  give  For  three  nights  she  had  espericnced  abwjluiely  no 
pain,  and  iMth  the  strabismus  and  the  projection  of  the  eyclinlK  were  malcrtjilly  lev 
sened.  She  continued  to  progress  towards  recovery'  during  Ihe  succcciling  few 
weeks,  imtil  her  neuralgia  woa  entirely  overcome,  with  Ihe  exception  of  a  slight  un 
nai  unl  prominence  of  the  eycballa.  The  cyca  were  reitorcd  to  their  sonnal  appear 
once  and  position. 
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Neuralgia  »/  tie  At^,  attomfamtti  by  imtpturmrnt  0/  sigkt  and  vertigo,  in  a  iaJf 
agtd  jo-^Tr^ittmetit  ly  leealitfJ  Jaraditation. — Approximale  retovrry. 

Cask  XXXVII. — Ad  ageJ  lady,  iictwccn  70  And  So  ynuior>gc,  ap£>licd  to  us  on 
one  occasion,  lijr  direcliuii  uf  Dr.  L>.  U.  Si.  Juiiti  liuuwi,  fur  Die  tclicf  of  a  inoa 
■goniuDg  d»treu  m  the  licaiil. 

The  psuns  were  rvidmlly  neuralgic  in  chuacter.  They  darted  otct  the  head  ID 
all  dirtcikins  (rora  ihe  forehead  to  the  occipui,  but  were  nio«  levcro  imiunliAtely 
behind  wkd  above  Ihc  can.  The  eyelids  were  aflccied  Lu  a  cou^Jcrable  cxtcnl, 
teeming  constricted  and  heavy ;  and  totnctbuc*,  during  n  paroxywi  of  more  than 
ordiiiar;  intensity,  the  sight  would  be  mDcb  impaired  for  hours.  When  the  severity 
of  the  attack  had  abated,  she  vrouK!  be  annoyed  hy  a  persistent  diacincM,  so  that  she 
could  with  diniciilty  Mand  erect.  I'revious  to  this  attack  in  the  hi:ail,  she  hui 
luflfcicd  from  similar  pains  that  extended  up  (be  arm  (u  the  brcaift, 

A  gcftcle  application  uf  the  faradie  cutrenl  to  the  head,  during  a  mou  leveie 
porosysn,  greatly  relieved  her. 

Not  only  was  the  pain  entirely  di-^ipntcd,  and  tlic  oonstrJctiun  and  tacavinctt  of 
the  cjcB  removed,  but  fur  many  h(iur»  after  slic  wai  cuiiiely  free  from  verit);u. 

TIk  applications  were  continued  at  inicrvaU  gf  several  days,  for  a  number  of 
tinev  and  accompli^cd  an  approKJmalc  cure.  Occasionally  she  suffers  from  a  rclurn 
of  the  paruxyunS;  but  ihcy  are  ol  a  niuuh  leu  severe  character  than  formerly,  and 
aie  at  once  dltcqaied  by  the  current. 

Faeiai  Hetral^ia  a/ lateral  years'  itandiug  ataettfulfy  trtMttd  ky  UtuHttd  Jartt^' 

»aiio». 

CA»e  XNXVKI— Mri.  S  ,  a  imieni  of  I>i.  J.  O.  Farrinnion,  a^ed  65,  had  for  a 
n.imticr  of  years  Ikcu  a  |-rc;it  ^ulTercr  from  a  eiio>i  acute  form  of  ncoralgia  of  the  face, 
(rc-|\icntly  a^iwciatcd  with  vertigo  and  nausea.  The  pi^ini  from  wlilch  the  pains  radi- 
ateJ  and  (Luted  in  .-til  direct iun>,  to  the  temple,  the  ear,  and  even  down  to  the  neck, 
was  situated  diise  up  to  tbe  tight  ala  of  tlie  oose. 

The  patient  would  ocduiunolly  rctnain  a  number  of  weeks  comparatively  coinfurt. 
able,  but  a*  a  rule  n»t  mure  than  a  (cw  dayi  inlcrvencil  Ixlwecn  the  atlacki, 

A  mild  Euadic  current  was  applied  through  Ihc  fingers  of  the  ojicralor  during  a 
•ea*on  of  great  disireu-  This  not  only  alleviated  the  pain  for  the  time  being,  hiil 
ituiiug  the  ttbx>  suix-eedtng  days  after  which  she  presented  lieiself  again  foi  treatment 
The  relief  continued  complete. 

At  ioiermb  the  patient  was  treated  in  this  way  for  about  two  months.  She  had 
in  this  time  but  one  or  two  attacks,  slighter  itian  usual.  She  discontinued  treatment, 
and  during  the  following  summer  wa*  entirely  free  from  them.  In  the  fall  she  began 
to  bufrei  again,  and  submitted  some  half  a  doicn  limes  to  the  old  raclhod.  of  trcal- 
inent,  and  to  the  dale  of  writing,  six  montlis  subsequaitly,  ihc  has  rcoiaiued  free 
from  (he  attacks. 

It  is  woithy  of  icmaik  that  in  ihts  case  the  galvanic  current,  howevet 
mildly  applied,  seemed  only  to  aggravate  the  paroxysms. 

Pertpha-at  AVi/ra/^rd.— Neuritis,  neuroma,  the  continued  action  of 
cold  or  wind,  wounds,  or  other  injuries  of  the  nerve — all  these  may  give 
rise  to  the  peripheral  form  of  neuralgia.     Neuritis,  or  rather  inflamniaiion 
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of  the  neurilemma,  must  be  regarded  as  one  of  the  most  fretiueit  ciuses 
of  peripheral  neuralgia,  and  tliis  in^animatory  condition  may  depend 
upon  some  form  of  mcclunical  irritation,  as  long-conitnued  pressure  of 
the  child's  head  in  Libor  on  the  sciatic  plexus,  or  by  the  conccntiatcd  poi 
son  of  gout,  rhcuiuatisin,  malaria,  or  syphilis,  acting  locally.     It  may,  of 
course,  be  conceded  to  the  advocates  of  the  purely  central  theory  of  ncu- 
ralgiathat  cheremaybeacDnsritucionalprcihVpoution  to  neuralgia,  but,  ^^ 
on  the  other  hand,  it  must  also  be  conceded  that,  in  many  cases  at  lc3s^.^^| 
BOiiie  exciting  cause,  acting  on  tlie  periphery,  is  necessary  lo  develop  iL  ^n 

Treatment. — The  tiealinent  of  periplieial  neuralgia  should  obviously 
be  of  a  peripheral  character  ;  stable  faradixatiou  aud  galvani/atioo,  aiul 
electric  tnoxa.  In  doubtful  cases,  Ehnt  refuse  to  yield  Co  this  method 
of  treatment,  it  is  well  also  to  try  central  and  general  electrization. 


Cirvkv-^rathial  ttmratgia  tf  Itfl  ride,  of  Hx  m,'nrAj'  rtafufiitf,  tn  a  mam  oiAtrt 
wise  in  good  MtaM—Ketevery  under  locAiitei  faraJitatian  and  giUwtMitaiiMt. 

Ca^k  XXXIX. —Mr.  Q  ,  a  «toiit,viEnroiK  scnlleman, of  mMldtelifc,  «ra«(«nt  tons 
by  Df.  Ju«il  Ltii^ley,  April  i,  JS69.  Tlie  patient  com  pis  iaed  of  cervko-bractiiolueu- 
ndgta  io  the  left  siJe.  The  pali)  exicndci  ficm  ttie  occijMii  down  ib«  ana,  oail  was 
most  Hvon  at  nif^t :  tender  point  ou  tlie  iicdput.  Wc  judged  il^uU  the  neuralgia 
wa&  of  a  peripheral  cturacCer,  and  of  a  rheumaiic  oripn. 

Three  niilU  Kiiplicalionti  of  faradiutiun  gave  wn^ihle  relief.  Twice  galvaniatioD 
iraa  tried,  the  nqjative  pole  being  placed  on  ihc  occiput,  over  the  lender  spot,  aod 
the  positive  on  the  Uiouldcr,  or  on  the  fcidc  uf  ihe  seventh  cervical  vertebra.  After 
the  tixlh  applrcatton  the  patient  announced  that  be  was  entiiely  weJI,  aiiH  di>cofN| 
tinuetl  treatment.  Althoujih  l»th  faraditalioo  and  eaJ^'aniuiion  were  ntonifcslly  of 
aervice  in  thin  cak,  yet  ihe  former  a£cotnplbhed  the  chlsf  \ixt\  of  the  taU:  Itcforc  the 
latter  was  brought  into  requLution. 

Gastralf^a. — Gastralgia  may  perhaps  be  included  under  peripheral 
neuralgia,  although  there  is  room  for  much  discussion  on  this  [X>inL 
Our  results  in  gastralgia  have  thus  far  been  more  salis/aetory  than  h^^ 
any  other  neuralgia. 

'L'hc  following  case  illustrates  haw  utterly  hitile  internal  medicatiocj 
is  in  certain  neuralgias,  and  what  a  vast  diiTerence  there  is  between  ths^ 
femedial  power  of  the  faradic  and  galvanic  cnrrenls. 

A  vtrjt  levtrteaitifthrtHie^iralgia  afaptriadie  nature— four ytar^  standing^^ 
reliftitd  iy  gahiaHttati^n,  after  failure  af  faraditittion. 

Cask  XL. — Mr.  B.,  a  genUemaii  from  Charleston,  S.  C,  consulted  us  in  Jano* 
ary,  1S67.  The  hUlory  of  hiscaxe  {smbstanlialiy  us  follows :  In  the  lalter  {ttrl  of  1S61 
he  wa.1  talien  with  a  levere  attack  of  neuralgia  in  Ihe  bAck  of  the  he*d  ami  neck. 
Similar  atlackii  recurred,  in  paroxysm*,  every  few  weeks  for  ahoul  two  years.  Id 
necrmber,   1S63,  while  »i|jfeting  from  severe  pain,  colehlcvni  was  preuiitwd,  to  bt 
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Uken  cveiy  two  hours.  Not  i]n4]entuidiiic  lh«  natuK  o(  the  drug,  he  took  il  ever) 
hilf  hour  for  five  hour*.  'I'bu  itnpTudeal  donng  wu  foUuwed  by  [icnulcnl  vmiiling 
•0(1  reicblnji,  wluch  luieJ  fur  el«v«n  days  w»d  nights,  producing  excewvr  jtrostralkn, 
and,  in  ihe  etui,  total  uiicuniciuUiincMi. 

Acute  KasidtU  tupcrveneU,  fruni  which  he  recovered  with  difficuLiy,  but  oiily  Id 
sufTer  ftoin  neimlgic  poJiiii  ia  th«  stomach,  umilur  in  character  luid  txvmty  to  the 
dislccia  which  he  hid  pcwiously  experienced  in  the  head.  The^e  paroxysms  were 
finotlj' wbducd  by  quinine  cuid  npium,  and  Tor  three  month*  he  urai  cAntpuratively 
well.  In  April,  1S64,  (he  ncuulgia  in  the  bead  returned,  for  which  lie  took  a  large 
daw  of  morphia.     Exceuivc  voinilinK  woa  »g*ia  induced,  followed  hj  gonCralsis. 

Froin  that  tima  uiiiil  wc  saw  him,  January,  iSAS,  may  nighi  haJ  bttu  fiauni  im 
imtaitrallt  agamy.  Kor  the  lirst  few  liour>.  .-vftor  retiring  he  would  iJecp  with  w»nc 
rdvgTM  of  comfort ;  hut  about  ]  to  3^,  a.m.,  the  iiivariabie  puroxyHn  woiUd  awaken 
Um,  and  hanldi  for  (he  night  aII  sleep.  It  wa«  hi«  cn.stojn  to  take  im  mediately  forty 
dra|)Sof  ihi:  tincture  of  opium,  which,  Tor  the  time  being,  only  agK^^vated  thedii 
treu  By  its  infiuencc:,  however,  the  pitin  abated  in  about  six  hours  and  in  the  in- 
tcrveDtnjj  lime  l>e  espctieiiced  only  a  dull  aching  in  the  cpi|{a!>iric  tc^ion.  Xhnt  and 
■gain  be  had  endeavored,  by  (he  advice  of  phynciani,  lo  gradually  ilecteaic  the  doae 
of  laud^nunt ;  bnt  all  lu  no  purpow. 

It  isanioht  liiii^uUr  and  uiuccountable  fact,  tlial  xxxv.  git.  uf  the  nntcoilc  liad 
DO  effect  whatever,  while  xl.  gtt.  would  act  ax  ahow  staled.  Without  ihc  anodyne 
the  pun  was  cannani :  hut  he  had  on  Mveral  diflereat  occasions  endeavored  to  break 
off  from  the  n«  of  it  altogether. 

Uuring  one  trial  he  ah*laiucd  from  the  opium  for  nearly  a  week  ;  but  the  agon; 

'became  mj   inlcriK.  and  Mis  ttrcoglh  m  nearly  cxliauated,  that,  uolwiltutaudinf;  a 

ttiotule  win,  liumaii  criLduratice  reached  it*  utniuu  limit,  and  he  was  ct)m|>elled  to 

teuime  it*  use.    Coniiaot  suffering  hod  left  iu  impreis  on  bU  pala  and  wasted  fca- 

ttuct. 

Kb  hod  a  wild  and  racant  look,  and  hl«  gaJt  wok  w«ftk  and  tottering,  like  that  of 
an  old  man  on  the  verge  of  the  grave.  For  a  year  paat  he  had  been  seeking;  relief  at 
the  hands  of  some  of  our  most  distinguished  men,  mid  when  we  asked  htm  what 
retnediea  Ite  had  been  taking,  he  answered  itiat  it  would  be  dilhcult  to  tAy  what  lie 
had  not  taken.  While  he  wa«  in  Canada  bin  pbysician  \aA  tnada  us«  of  general  fora* 
dixalinn,  but  with  no  apprectible  retulc. 

When  he  cauie  unilvr  our  care  wc  made  use  of  geueral  brndiiaiion,  both  diuinj;  a 
paioKyun  and  when  he  vnii  free  from  pain:  but  the  faradic  current  seemeii  to  be 
wholly  inoperative. 

We  then  made  nse  of  a  strong  galvanic  current,  placing  the  poNttve  pole  on  the 
bach  of  the  neck,  just  above  the  tcventh  cervical  vcr(cbra,  and  applying  the  nCKative 
over  the  region  of  the  stomacli,  in  order  to  affect  the  solar  picxut  uud  p(ieumu);aslric. 

The  application  teemed  to  refresh  hiin,  and  relieved  ui  a  ni;ukcd  dci^rcc  (be  vagtte, 
.dull  aehinu  which  was  always  prcKUt  in  the  interval  between  the  paioxyHns.     It  to 
'  IncieueU  hu  appetite  that  in  a  few  hours  he  ato  a  hearty  meal,  something  which  he 
bad  Dot  done  before  in  two  years. 

At  ihc  uiual  hour  on  the  following  night  the  paroaynn  rctnmeil,  but  was  most 

iriagularly  located  between  the  thonlders,  while  the  stomach  was  almost  entirely  free 

from  jmn.     After  the  second  application  the  pain  resumed  Its  seat  in  the  stomach, 

but  was  not  of  such  a  severe  cbvadec  as  formerly.     Believing  that  the  tonic  peo- 
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perlies  of  the  electricity  would  enable  him  to  dowiihoul  the  opimn  more  readily  tk 
OD  previous  occauons,  we  aclvlsenl  that  it  be  dlKontiniwd.  Ii  was  a  nioei  di£Gcu1t 
underinUnE;  but.  Tut  iliree  vreelu,  unlil  be  ww  Imperatively  called  Soutli,  not  a 
poitlcle  pasted  hit  lip&  He  leceived  in  alL  but  lix  appllcationi  of  the  galvanic  cur- 
rent, and  although  the  aire  was  by  no  means  ccmplele,  yet  iIk  relief  be  experienced 
was  poaiive  and  most  cntifyinc. 

I  lb  Jip[>cilte  remained  permuieully  belter,  and  digcttlon  was  pertormed  with  more 
comfort  and  rapidity.  1'he  r«gularU]r  of  the  parosjrms  was  broken,  and  their 
K verily  amcliorntci]. 

The  wild,  n-aiiderins  look  of  dtUm^  which  wai  ever  stamped  upon  his  fealures, 
gave  pliicc  iQ  a  calmer  hhi)  more  hopeful  enpieuiui).  Unfoituiiately,  circuiBStancci 
rendered  it  iait>';>»i{i]c  fur  liim  lo  lemnin  longer  at  the  North  ;  but  sufficient  beneAt 
had  been  decided,  durinff  the  brief  lime  thai  he  was  under  our  care,  to  render  it 
probable  ihiit  Mill  further  amelioration  of  his  tcinarkabie  sympioioi  would  have  htxa 
obtained  by  a  perustcnl  uie  of  the  galvanic  stream.  Wc  were  the  mure  hojxfo], 
from  the  fact  tiiat  t-n  a  previous  occasion  we  had  treated  iuccessfuUy,  by  general 
elecErinlioii  with  the  faradic  current,  a  lady  suRering  from  lliis  fiirm  of  neuralgia, 
but  of  a  leu  aggravated  character. 

So  far  a,5  regards  the  treatment  of  this  case,  the  point  of  pinicular 
interest  Ucs  in  the  fact  that  the  galvatiic  current  wxs  of  value,  while  the 
faradic  was  wliolly  inoperative,  ijy  the  use  uf  the  galvanic  current  the 
pain  was  iminedialcly  relieved,  tKc  digestion  was  strengthened,  and  tJio 
appetite  ^harpened. 


AbJvmiiHal  neuralgia  of  an  agoniiing  tkaraeler,  ati«eiated  viilk  mtuealar  tfasmt 
—JSMiJeJ  temporary  retuf  from  local  gaivaiutatwn^Sitiseyuemt  impruvtmcnt 
wkuh  pcniily  might  in  stmt  mtamrt  kavt  btin  dm  is  Ikt  se<9ndaty  tfftcit  9/ 
irttument. 

Cask  XLI. — Mtk.  fl.,  who  Hiflered  from  most  agoniztng  alidomtnal  neuralgia, 
referred  to  us  ui  April,  tByt.     The  complication*  in  ihix  caw  were  peculiar. 

The  paioKyuuJt  of  pain  were  associated  with  spasmodic  contractions  of  the  alad 
nal  mijscles  of  such  severity  as  lo  occetfilate  the  constant  use  of  tubcutaneoas  injec- 
tions  of  morphia. 

Ten  yean  a^o  the  patient  mlacUTlad.  and  for  two  ycara  thereafter  ^c  ^vas  annoyed 
ooeaiiotially  by  slight  neuralgic  pains.  Metiorrhagia  now  supervened,  and  after  ex- 
iscing  two  years  it  wai  a]>|iArcnIly  cured,  and  for  eighteen  months  she  enjoyed  fair 
health.  During  the  last  two  years  racnitnialion  hod  recurred  but  two  or  three  timca, 
and  her  sufTcrings  were  terrible.  She  was  taking,  by  subcutaneous  Injection,  eight 
grains  of  murphiiie  daily,  and  *o  peniitcntly  had  it  been  admmiitered  that  lurdly  9 
point  on  her  body  or  limbs  could  bo  found  that  ww  not  of  thai  pecnliar  hanl  ctiaX' 
octer,  the  result  of  (he  rcjieated  operations.  There  wai  uterine  dU|>lai,-emeiit  osaod 
atod  with  local  complications,  uf  the  character  of  which  wc  arc  not  informed.  Ou/ 
trealmeni,  begun  Feb.  35,  1871.  wu  external  and  local,  with  an  occasional  gcueral 
application  of  the  faiudic  carrent.  Electriution,  on  the  whole,  did  not  accomplidi 
dended  permanent  good,    nnlea*  the  remiltsoluervQd  after  theccssation  of  our  t 
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neat  were  in  a  ntCAwre  Kirorulu/  (o  the  electric  ttimultu.     Tlie  pMieut  ceituii]| 
IplMd  immeniclr  duiins  tbe  foUowiofc  jrear.     Temporarily  local  galvanif^iion  wa<  of 
■Kich  lervlce.     It  rre<]ucnil)r  ituluced  ilce]),  reduced  ibe  iiiienilty  uf  ihe  paruxysma] 
pains,  bikI  uflcn  rendered  hor  mure  comrorlable  during  the  intervening  peri«U. 

Severe  gastratgU  ef  f^Hrtefn  yur/   tUmding — Periadkat   attatkf    at    nigAt— 
ft'ifitd  and  ptrmaiunt  ewe  under  (tntrai  galvanitatwa  after  failurt  «/ /ara- 

ditatteit, 

Cau  XTJI, — l>r,  S.  J.  II.,  *  pti>'»icUn  aced  about  36  jrean,  coosuliwl  oi  ia  tlw 
ftulumn  of  1S70.  For  fvuttceu  ymrs  he  hitd  ntflered  from  attacks  of  £utral|[ia  of  a 
inou  violent  characicr ;  ihne  «ttack»  came  on  usiuilly  *x  night,  while  In  bed,  Bftcr 
mtdnigli I,  before  or  about  two  o'clock;  the  aitncks  would  lu^t  »>ineiimcs  leveraj 
tuur^  and  the  pain  w«.t  of  [he  mast  diBires^ng  character.  Of  the  various  methods, 
uf  rdicf  ihnt  lie  XxaA  tued,  dculioUc  liqiiors  m:cimcO  to  be  tbe  muit  efficacious  but  tlie 
rei|itte  the/  caiuoi  vu  ouly  temj-iomry.  The  ap|ieaiance  of  the  patient  !>dj^;c«ted 
robust  henlth  ;  tiiiirUion  wan  well  mainiained,  and  ihc  function*  were  gener:tlly  wcU 
performed. 

Eunitnation  gave  tittle  information.  Disuwe of  ttie  heart  liad  been  uiipecied,  bui 
|11n  oarcful  and  repeated  cmLminatioiis  of  Dr.  Thajru  cAabllslicd  the  bet  that  there 
no  dlieoie  of  that  organ.  IVndcrneM  of  the  epigutriiun  in  one  spot  &.>iiielinies, 
but  not  alnayi,  existed.  We  »u£gc«tol  ccrtiaL  galvuiiuliun.  The  palient  hod  pre- 
vioiuly  tried  faradisation  without  any  benefit.  Wc  had  little  hopetof  hci|.'iRg  Ihe 
patient;  the  )icrkbtcncy  and  fixity  uf  the  syoiptuini  and  thctr  periodicity  gave  an 
unfavonible  pTu^iiu\i«,  and  imly  by  our  urgent  »ulidtalioii*  did  tlie  doctor  allow  ui  lo 
eii]>criinenl  on  him. 

Ttcuinent  by  central  i^voniiation  was  coinnienced  January  3,  1S7 1,  and  wa«  kept 
vp  for  two  monili*.  two  or  three  time*  weekly.  In  1cm  than  two  wick*  benefit  »a» 
apparent ;  Ihe  periodicity  and  violence  of  the  attackt  were  Mmewhal  modified,  and 
in  a  month  it  w^scvidi^nt  that  lllc  dtaeuc  woitld  yield  more  or  leu  pcnuiuently  to  the 
Ircatment.  Occasional  rclu|i)e>  occurrctl,  as  ftlwuyi  in  ximilar  caie«,  retnimicn  of  l}ie 
fonnei  »u£reting»,  xhowing  that  the  evil  spirit  wa*  nni  whnJly  c«»t  out  ;  hut  m  ihiee 
monitu  from  the  Lima  the  treatmeut  was  comnaenced,  the  patiant  regvded  hinuelf  as 
welL 


Three  year*  have  elapsed,  and  the  patient  is  still  well,  although  en- 
gaged in  bbonous  duti(;&.  The  feu.tuttis  of  cliief  interest  in  liie  case 
were  these : 

t.  The  superiority  of  central  galvAnitalion  over  faradtxation. 

2.  The  pennanency  of  the  cure  of  such  a.  long-.'ilanding  affection. 

Seiatua. — In  the  treatment  of  sciatica  by  electrization  very  much 
depends  upon  the  care  with  which  the  current  is  a{)plicd.  An  ill<di- 
recied,  too  prolonged  appltcaiioti,  or  the  use  of  a  current  the  tnechani* 
cal  effects  i>C  which  are  undtily  marked,  fretjuently  results  iq  tnote  harm 
than  good.  In  sciatica,  the  pain,  zs  a  rule,  cloaely  follows  Ihe  course 
of  the  nerve,  and,  therefore,  in  the  majority  of  instances  the  disease  it 
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typical  of  true  neuralgia.  The  effects  of  faradization  in  these  cases  are 
undoubted,  and  in  oar  hands  have  Mmetimes  proved  far  more  effi- 
cacious than  galvanization. 

It  cannot  be  too  frfqucntly  repeated,  tliat  in  sciatica  the  faradic  cur- 
rent is  ca[ia]jic  of  doing  infinite  harm  if  ignuiantly  used  or  ovcr-n5c<l, 
but  that  if  applied  with  that  caution  and  skill  which  experience  alone 
can  give  itgcnuTall/  relieves. 

It  in  in  jusl  such  conditiuna  as  these  ihac  the  character  of  the  current 
for  fineness  and  evenness  is  alI-imi>ortant,  and  these  factors  are  found 
combijicd  in  a  higher  degree  in  Kidder's  Kingle-coil  machine  than  in 
any  other.  On  account  of  the  great  caution  that  must  be  exercised  in 
the  treatment  of  sciatica,  by  faradization  it  is  probable  that  beginners  may 
here  acliieve  greater  succei>s  tiirough  tlic  use  of  luiUl  galvanic  currents. 
The  muscular  atrophy  that  sometimes  follows  sciatica  may  be  treated 
by  localized  faradixation.  Whichever  current  is  used  the  application 
should  be  made  both  over  the  lower  part  of  the  sptne,  to  act  upon  the 
rootii  of  the  nerves,  as  well  as  over  the  course  of  the  nerve  in  the  leg. 

GalvanoPuneture. — We  have  recently  attempted  the  treatment  of 
sciatica  by  electro-puncture. 

The  needle  may  be  insulated  or  not ;  should  be  bayonet  shaped,  so 
as  to  go  in  cajtily,  and  may  be  inserted  far  cnougli  to  Couch  or  penetrate 
the  nerve.  The  moment  when  it  so  penetrates  or  even  touches  will  be 
revealed  to  the  patient  by  a  tingling  or  priclcing  sensation  through  the 

leg. 

The  needle  thus  introduced  sliould  be  connected  with  the  negative 

pole;  but  tivo  lo  four  cells  should  he  used,  and  the  current  should 
be  continued  but  a  few  minutes. 

S<f<re  antt  <^rfinare  ttiatiea  txttltd  hy  i^strmtiim  of  the  ^<mfeb — Rtluf  ai*d  tint 
imfr^VHerft  under  liialixtJ  guivtinitati^H  with  ntMiUMiJ  tfOHjet,  with  tht 
WKtaliie  trutA,  and gaham-zfUM^ture. 

Cask  Xl.Iir.— Mr.  K.,  aged  39ycai5,  was  refcrrtd  to  bs,  March  3,  1S73,  l>y  Vt. 
Conldtn^  Tlie  patient  had  been  occupied  by  mioiti  and  complex  affain,  and  lud  been 
for  yotn  Ixiring  the  burdcnii  of  ten  men.  Hit  vacaiions  hivi  been  fen  ud  his  hoiui 
of  labor  many,  and  ha  had  fallen  into  a  condition  of  profound  ncunfitbenu.  He  tud 
■uffEfvd  from  goKlralgla  of  a  mo«t  vioieni  churaot^,  for  wliicb  npi&tei  had  t>ccn  (|uite 
Inely  ifivcn  :  ani  con>lipation  ami  hardened  boKS  bad  rc»»Ilol  that  had  cnuied  obMruc- 
Uuti  uf  the  bonds  ivhich  wa«  relieved  only  wUh  difficulty  and  by  uiechaulial  meana. 

Tlie  sciatica  of  one  ilile,  from  wliidi  l!ic  jKilicni  wa»  tufTeiijig  when  we  were  ^led 

In.  ueiaed  tu  be  of  a  reflex  character  from  the  cDnuipaiion,     The  pain  wa^  fearful. 

■t>d  Ihcfc  was,  of  courx,  Lameness  ami  atroptiy  of  die  muscles  of  ihe  leg.     Ai  luues 

•xoevlvt  hypetiEnhesaa  appeared  over  the  thigh,  eipeciaUy  in  the  region  of  the  KiMic 

^ire,  and  Ibcre  wa&  great  tcndcructt 
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We  tried  vaHoMs  melliodi  of  eleclrUalion ;  general  fsrndizAtion,  for  Uie  pAticfll 
wu  imich  debilitated;  localized  fB-rndijtation  irith  nimng-o  axul  with  the  loelallic 
hruih  ;  cenlral  galvanitalioEi,  loutliurd  galvMiizatign,  aiid  galvajio-jninctiirc. 

l.ocaltBedfp>li-iuiiution  with  coiit^itaor  iiie>Jtuiii  »icii£lh,  and  continued  fiariui  tmut 
or  uf  juu  as  the  palicnl  liod  leiiieil  (or  the  ni^ht,  teeiucd  to  be  mote  elficau:ioui  iboa 
May  other  method  or  inuuict  of  ticalineiil.  Almutl  olwuys  it  soothed  the  pKin,  re* 
taxed  the  sliff  and  aching  muscles,  and  ibis  relief  would  last  Tot  hotin,  pcrhapf,  |>ive 
a  good  night's  deep.  The  proce«di»£  was  to  place  one  pole  on  the  ipiue,  and  to  pas 
the  other,  without  regard  to  the  direction  of  the  cutrcnt,  up  and  dowB  over  the  r^on 
of  the  sciatic  nerve. 

A  few  tiiDtt  we  tried  (fil«ano- puncture  with  insulated  and  nun -insula  I  cxl  ncedlea. 
Tlv  needle*  wae  thruxt  in  (juickly  uid  (irniLjr  uulil  they  caine  ne^r  the  »cr«e,  and 
wtmetinies  they  touched  il,  m  was  evidenced  by  the  tingling  nnd  piicking  scn&ationt 
excited  that  were  Celt  down  the  lep.  The  punctures  were  tnjif^le  on  vaiiciD.<i  polntr 
down  the  bach  part  of  the  thigh.  No  anastheiic  wu  uted,  but  once  or  twice  local 
ancslhetia  hy  means  of  cartwlic  acid  and  cihcr. 

We  were  penuoded  that  this  ireattncni  by  puncture  did  good ;  lliat  it  gave  the 
patient  a  »tarl,  and  enabled  Ibc  cstcmal  galvaiiiaation  lo  do  its  work  at  better  advan* 
lage;  The  palicnl,  though  a  man  of  !>tton^  will  and  decision,  tcnibly  dreaded  tbf 
ibooCht  of  llie  needle*,  and  we  were  obliged  lo  abandon  their  uw.  The  nccdla  were 
olwnyt  connected  with  the  negative  pole,  ibo  pontive  being  applied  eaternnlly  by  a 
qfongc  Of  doth  cover, 

TKit  case  was  treated  off  and  on  for  four  months,  and  with  slow  and 
noi  very  steady  improvement.  It  was  a  long  time  before  the  patient 
could  ride  or  sit  long  witltout  causing  i«ua.  In  a  few  weeks  he  com- 
pletely recovered. 


Stiattta/rpm  strain,  t/tmeraJ  months  Jumtiom — Immtdiatt  iw^ravemmt  vitdtr 
gfnfrai /ara4itatiim  and  l^aiitfJ  gatvaniiatt^fi — SttijtqwM  rtlaptt  attd  finat 

Casi  XLIV.— Mr.  W..  aged  about  40,  waa  referred  lo  a»  by  Ur.  C  E.  Buclcing. 
ham,  of  Lto^lon. 

Tiie  patient  Uad  been  MiiTurin)^  for  Mvcral  tnonthi  from  severe  pains  alongthe  course 
of  the  sciatic  nerve.  He  liad  not  been  c^jKciolIy  rxpoaed  to  cold,  and  as  the  symp> 
loBtt  came  on  mddenly.  he  could  only  attribute  the  duease  lo  the  uuiHutE  exertion 
of  lilting  ft  heavy  trunk  a  sJiort  time  previously. 

The  limb  hud  aKopbicd  somewhat,  and  the  general  health  of  the  pittlenl  was»ome< 
what  impaired.  He  was  uibuiitlcd  to  general  bradiiation  and  to  galraniution  of 
the  afTcclcd  liinlx  A  doien  applications  leiulted  in  very  great  alleviation  of  the 
Kvere  pain  which  had  for  «o  long  a  time  distrcxscd  him,  and  we  fell  hopeful  of  a  speedy 
rccwety.  Unfortunately  the  patient  exerdsed  too  freely  in  vi-alking  one  day,  and  in 
addition  probably  took  some  cold.  At  all  eventt  Ihc  ncnralgia  icCumed  in  full  force, 
and  M  diKouraged  the  patient  that  he  almofl  immediately  sailed  Tor  Europe,  wher< 
after  a  numlier  of  uiontbs  he  lecovcrcd. 

The  value  of  the  firadJc  current  is  illustrated  in  the  following  cate : 
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Seiatin  9f  ttvtral  monlkf  tttiration  twrtttt/ully  (roaUd ty  /aradiiaiiom 

Cask  XLV.^An  old  (;eiitI«iRaii.  aged  76,  wu  »ent  to  ut  by  Dr.  F.  Elliot  to  b* 
treatetl  fur  a  cunilitton  of  gcDcral  )Mrcsu.  astucialctl  with  witicli  wu  a  te^eie  n«ural);n 
of  the  scktic  neri«  in  buth  Utubt  wliidi  luul  diMirucd  hiin  ka  x  number  of  munlltk 

TlicR!  wav  a  lucli  of  co-uitliiiacUijj  jniwcr  tii  lvc(^>noiion,  together  with  <ieci<I<Kl  aiucs- 
lbc4>  of  both  upper  atitl  lower  extremities  Tin;  tcfl  foot  and  xnklc  were  cnof- 
Dtously  nwollen,  ami  in  th^s  limb  tbe  pdiin  was  far  more  )«vere  Ihan  in  th«  other. 

The  pftticnl  wks  lr»tol  bjr  general  taA  lnc«l  fAjaOiution ;  and  in  the  coun«  of 
»eveu  applications  the  swcUin({  neait^  >>Tibiiided,  and  llie  Qcur*l][i«  wu  quite  sabdi 
Tlie  intifiiiit  xuliicquentty  died  fron)  cerebral  dTiuion. 

Stialita  fotloving  pressitre  p/  the  ekilitj  ktad  at  partwitwn — Lecalutd  gahMmiat' 
ti«n  u/oiiawtd  fy  aUmiation  ef  pain  and  reeavery. 

Case  XLVL — }An. ,  a^nl  about  40.  w-av  (.iMiftned  in  March,  1873,  and  aftei 

great  tuSmof;,  and  by  [be  u»e  nf  tlie  forceps,  t>l)e  wat  ilelivereil  of  a  fciill-boin  child. 
Throiigb  the  prcuure  of  the  child's  bend  the  noves  had  suuainad  Kriout  shock,  and 
for  Rianydayf  before  scdog  her  she  liad  endured  the  raost  severe  neural(;ic paint  in  the 
left  Umb. 

Nothing  fecincd  lo  give  more  than  (empc>rary  relicr,  and  at  the  lime  that  we  ^t ere 
(cnt  fur  by  her  phyMclan,  Or.  Oliver  White,  ihe  ojisct  uf  Igyttcricai  t^uipiuini  ren* 
daeil  tiie  jiatient  a  nioal  pitiable  object-  It  was  with  diihculty  that  iJte  cintld  l^e  in- 
duced to  tuhmit  lo  treatment,  bill  finally  a  mild  appticaiion  of  localiicd  galvaniiattnn 
was  administered,  and  seemed  to  be  Malhiiig  in  its  e(fecl&  The  total  numlicr  of  ap- 
F^i^tion'S  civen  wa>  ci)£ht,  and,  with  the  exception  of  one  Eeoiicc  which  was  followed  . 
by  iui^-eaMil  pain,  every  ireatmeat  re&ulted  in  an  alleviatiun  of  MiITcriug,  and  Gnallfl 
recovery  was  complete. 

The  pain  had  out  entirely  left  her  when  the  galrauiiation  was  di»eoiitinucd,  but 
grew  Lcm  and  leu  every  clay  for  a  week  or  k)  uniii  her  limb  wu  in  guod  condition. 

Dr.  V.  P.  Gibncy,*  of  New  York,  has  reported  the  results  of  32  cases 
ofsciitica,  Created  by  the  "Slroni;  galvanic  ciirrcnl  "  :  24  received  Un- 
mediate  temporary  relief,  3  were  tiinrlerately  benefited,  and  5  received 
jio  relief;  16  were  permanentlj'  cured  without  a  relapse,  7  relapsed,  but 
subseiiiiciuly  improved.  The  further  histories  tif  5  cases  were  not 
traced.    About  ihiriy  Leclanche  eleitieols  were  employed. 

Reflex  J^'euraigia.  —The  terra  reflex,  as  applied  ro  pai^lysis,  is  at  once 
conimoD  and  siiggL-stivc.     In  the  satne  way  it  is  apjilicable  to  neuralgia. 

As  in  childreti  paralysis  frequently  follows  the  irritation  of  icelbiiig 
pr  dysentery,  aad  in  older  persons  that  of  urinary  disease,  so  neuralgia 
of  distant  parts  nay  result  ftom  utertae  and  otiier  disorders.  Neural- 
gia of  the  fifth  pair,  caused  by  a  carious  or  false  tooth,  is  a  common  and 
well-known  reflex  result  of  mechanical  irritation.  The  treatment  of 
reflex  ticuralgia  is  by  no  means  so  empirical  as  that  of  the  peripheral 
variety.  If  a  oirious  tooth  is  at  the  root  of  the  evil  it  muiit  be  removed. 

*  Tranuclions  of  Am.  Med.  Aisocbtioo  for  tHo. 


NEURALGIA. 


44S 


If  the  cause  can  be  traced  to  uterine  disease,  the  skill  of  the  ^ynse^ 
colopst  is  called  for.  Occasional!/  electrization,  through  its  power  of 
subduing  local  iriitaiion  or  ii)l1amma)ton,  effecHiaily  relieves  the  remote 
neuralgic  pain,  of  which  the  irritation  or  inflammation  is  the  cause. 

Ifairaigia  ef  le/t  Ug,  appartnlfy  frMtnling  from  warjh—Rttmury. 
Case  XLVIL — In  ihc  ewe  of  a  young  lady  who  hod  Buffered  for  Krer&linontliifTOBi 
the  mosi  tevere  ncur&lcic  ^lains  down  Ihe  left  leg,  tftcrilc  ^nminaiinn  revealcil  very 
marked  lendenieffito  prea&ure  in  tli«  left  OTftiUn  region.  No  other  (lorlion  of  ihe 
body  iinue%pecully  ni!icci>lili1e  (o  ilieloadi.  It  »  prapci  to  sitalc  ilut  itt«  palient 
»a*  noi  »t  nil  K/^leitcal,  that  cxefciK  Hjfijrnvalcd  the  pain,  and  Ihnt  ihe  ncuralgU  of 
the  limb  wmi  in  i^opDrlion  to  the  tendetneu  over  the  ovary.  She  was  !mme<lUitely 
relieved  by  locatUed  faradixation,  and  completely  recovered  in  the  counc  of  rix  wecki, 
after  bnvine  renived  twelve  applications. 

Kntralgia  i»  tie  ovariam  region,  avrr  the  aiJomen,  anJ  txttnding  d<ru/m  tAt  Umit, 
t/ teveral year^  duratiom—C^ntfilett  reiitf  umier  geHtral  faradisation. 

Case  XLVIII.—Min  L  ,  about  33  yean  of  a,gc,  and  a  patient  nf  Dr.  Frederic  D. 
Lcnte,  had  (orwvcral  y<ar*4ufTered  mutb  dUireMlrom  a  neuralgic  aiTett ion  of  the  ab- 
domen and  lower  eKiremlties.  The  p»in  wm  especially  u-vere  and  conttani  in  the  Tef:ioa 
of  cither  Dwy.  Accordtn);  to  ilieDr.,  utGiinedlftcuIiy  evidently  exi&tetl;  but  ai  local 
Ireatmont  wai  out  of  the  question,  and  u  tlw  ordinary  external  and  internal  reinedka 
lad  been  u&ed  without  mueh  benolit,  we  were  requested  by  Dr.  I«nte  to  ten,  in  btt 
ca-tc,  the  effects  of  elcrltiuiion.     Simple  general  fAradiiaiion  proved  most  cAcac I oi». 

Some  doien  applicalion*  sufEced  to  diuipdte  compJeiety  the  paina  from  whicli  she 
tuliiered  and  to  laarlcedty  hnprovc  her  general  condition. 

A  year  subsequently  the  above  patient  was  annoyed  again  by  the 
same  symptoms,  but  a  short  course  of  the  same  method  of  treatment 
relieved  her  a  second  time. 

Galvanic  betts  and  disks  for  the  treatment  of  neuralgia  have  been 
recommended  by  Hlffelsheim.  He  applies  the  belts — cither  Pulver- 
tnacher's  ot  Davies* — moistened  with  vinegar,  to  the  painful  locality, 
and  allows  them  to  remain  there  for  days,  weeks,  and  even  nionihs 
Although  Hiifelshcim  reports  some  good  results  from  these  applications, 
yet  it  must  be  admitted  that  there  is  as  yet  no  sufllicient,  reliable  evi- 
dence that  they  have  succeeded  where  galvanization  or  faradization 
has  failed,  or  that  they  have  any  positive  advantage  whatever,  except, 
perhaps,  for  those  who  are  so  situated  that  they  c.innot  receive  ordinary 
treatment.* 

*  Tbe  Iherapeutic  resuttf  ot>taine>l  by  wuirlng  galvanic  chaini,  \iA\\  diska,  aotM^ 
girdles,  etc.,  miut  dc|)ciid  on  ilie  manner  of  Ihcii  conffruction  And  application. 
Many  of  ihote  wtiich  are  lold  in  the  stores  and  extensively  and  indlicriminalely  u*ed 
by  ibe  laity,  are  so  arranged  Ihal  the  feeble  currents  which  they  may  generate  fail  to 
make  a  circuit  Ihroogh  the  body,  and  recombinc  in  the  metal*  ihemielvea. 
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The  objections  to  and  disadvantages  of  this  method  of  treatment  ic 
neuralgia,  st&  in  all  other  affections  for  which  it  has  been  so  widely 
employed,  arc  these  ; — 

1.  Thr  current  which  ihcy  generate  is  very  feeble  and  inconstant, 
and  probably  docs  not,  except  under  peculiarly  favorable  drcumstances, 
penetrate  far  beneath  the  ci)idcnnis. 

2.  They  can  on!y  be  used  locally.  Many  of  the  symptoms  for 
which  they  are  used  are  of  a  constitutional  character,  aud  can  only  be 
permanently  dis])clle<l  by  inea&ures  calculated  to  iiffect  the  whole  sys- 
tem. 

3.  They  are  usually,  and  sometimes  necessarily,  applied  to  the 
seat  of  the  pain  ralhcr  than  to  the  seat  of  the  disease.  In  galvanization 
and  faradization  for  local  neuralgia,  it  is  found  that  the  best  results  are 
obtained  by  treating  the  scat  of  the  disease. 

4.  They  sometimes  cause  ulcers  that  leave  permanent  cicatrices. 
The  benefit  that  is  dtrrivcd  from  them  is  probably  due  in  part  to  iheir 

influence  on  tht"  iin:n;tiiation. 

These  arguments  against  the  use  of  galvanic  belts  would  be  valueless, 
if  experience  coidd  demonstTjHe  from  their  use  any  great  utility  or  an/ 
very  positive  advantage. 

It  is  not  im|)os&ibIe  that,  in  future  improvements  in  the  construction 
of  these  belts  and  chains,  and  more  scientific  experiments  in  their  us^ 
wc  may  develop  advantages  from  them  which  they  have  thus  far  failed 
to  exhibit,  and  may  accord  to  them  a  position  in  electro -therapeutics 
to  which,  from  the  results  of  the  past,  they  are  not  entitled. 

The  fact  that  they  have  thus  far  been  used  almost  exclusively  by  the 
laity,  and  have  been  made  the  tlieine  of  noisy  advertisements,  so  far  from 
discouraging,  should  rather  stimulate  men  of  science  who  have  any  faith 
in  their  efficacy  to  rigidly  investigate  and  interpret  their  claims  to  a 
position  among  the  applianct-s  of  cicctro-lh  era  pen  tics,      ^ 

Those,  however,  who  experiment  with  these  contrivances,  should 
remember  that  the  raeclianically  irritating  effects  of  metallic  bands 
applied  to  the  tender  skin  are  oot  incortsiderable,  and  that  the  thera- 
peutic results  which  appear  tu  follow  their  appLicatioD  may  vbt  unlikely 
be  due  wholly,  or  in  part,  to  iaunter-irritaficn. 

{For  furthtr  remarks  on  this  subject,  tee  Myalgia.) 
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AK.X5TnEsiA  18  iJcrivcd  from  a,  privative,  and  oMayoftiu,  to  perceive, 
tnd  therefore  literally  signifies  a  deprivation  of  sensation.  It  is  a  symjv 
torn  of  some  organic  or  funclinnal  disease  of  the  central  or  peripheral 
nervous  system.  The  kinds  of  aniesthcsia  are  as  various  as  are  the 
nerve  raiuifications,  and  the  symptoms  that  accompany  it  arc  modified 
by  the  locality  and  causation  of  ihe  disease.  All  forms  of  anx^sthcsta, 
ts  of  paralj-sis  of  motion,  may  for  the  sake  of  convenience  of  descrip- 
tion be  classified  under  these  four  general  divbioos :  Constitutional, 
centra),  peripheral,  and  reflex. 

There  are  five  kinds  of  sensibility-,  all  of  which  are,  of  course,  modi 
Bcations  of  geoer^  sensibility,  and  all  of  which  coay  become  diminished 
by  disease  :— 

I.  TaittU  semsihUity. — This  is  the  form  which  is  most  frequent,  and 
best  appreciated,  D'uniniition  or  ktss  of  this  sense  is  usually  known  aa 
amastketia. 

3. — Sentihility  to  temperature-Avt^X.  and  cold. 

^  Srmst  of  pressure  er  xt'tight. 

4.  Stnst  pj  pain. — ^This  ts  iiiiile  distinct  from  tactile  sensibility,  with 
which,  on  sDpcrficiiii  observation,  it  is  oHcn  confounded.  The  loss  of 
this  Sense  is  called  analj^esia.  These  different  kinds  of  scnsiliiliiy  may 
be  very  unequally  affected  by  disease.  One  form  may  be  entirely 
destroyed,  while  the  others  remain  intact.  Thus,  while  tactile  sensi- 
bfltiy  is  perfea,  the  prick  of  a  needle,  when  ihntst  into  the  flesh.  Is  not 
Celt     In  siich  cases  there  is  analgesia,  but  not  anasihesia. 

5.  Farati^stntibilUy. — ^Thi»  form  of  sensibility  appears  to  be  suffi- 
ciently distinct  to  entitle  it  10  spedal  mention.  Fatado-sensibility  may 
be  quite  active  when  tactile  sensibility  is  much  diminished. 

The  diagnosis  of  amcsthesia,  except  in  very  delicate  rates,  is  soffi* 
denily  easy. 

The  degree  of  normal  sensibility  to  tactile  Impressions  varies  widely 
in  different  parts  of  the  body.     It  is  uecetsaiy  to  bear  this  fiKt  in  mind, 
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and  to  make  experimental  trials  on  persons  in  health,  in  order  to  arrive  I 
at  correct  conclusions  in  cases  of  disease. 

The  use  of  ihe  compasses,  according  to  the  directions  of  Dr.  Weber,* 
•■iti  enable  one  to  determine  tn  a  very  accurate  manner  the  condition 
of  the  sensory  functions  in  liealth  and  dt<iea*e. 

Thus,  when  the  two  points  of  a  pair  of  compasses  arc  placed  u]>on 
the  inner  surface  of  the  last  phalanx  of  the  finger,  they  need  to  be  5epa-| 
rated  bui  one  tina  in  order  to  give  two  impressions,  white,  in  the  middle 
of  the  thigh,  the  points  of  the  compasses  need  to  be  distant  from  each 
other  80J»e  fifteen  to  twenty-five  lines  in  order  that  two  impressions 
may  be  received. 

Sensation  in  the  tip  of  the  tongue  is  more  acute  than  in  any  other 
part  of  that  organ,  for  twoimprcssinns  are  received  when  the  points  of 
the  compasses  are  separated  by  only  half  a  line  ;  and  it  will  be  founO 
that,  in  the  face,  tliis  sense  of  acutencss  diminishes  as  we  recede  from 
the  mesial  line. 

Ehetro-dia^nosis. — There  is  a  method  of  determining  the  relative  elec- 
tro-sensitiveness of  the  two  sides  of  the  body  that  wc  have  foimd  very 
convenient  and  reliable,  and  sufficiently  delicate  except  for  those  caseis 
when  the  anaesthesia  has  extended  over  the  entire  system.  This  con- 
sists in  the  application  of  the  f^radic  current  by  means  of  a  brass  ball, 
or  other  metallic  electrode,  attached  to  one  of  Ihe  poles  of  a  faradic 
apparatus.  'I'hc  other  pole  of  the  apparaius  may  be  placed  at  tiie  feet 
of  the  patient,  or  at  the  coccyx,  or  at  any  indifferent  point,  as  may  be 
convenient. 

Different  points  of  the  body,  on  both  sides  arc  alfernaitly  touched 
with  the  brass  ball,  perfectly  dry.  very  lightly,  and  with  a  mild  current. 
In  order  to  test  the  sense  of  pain,  the  ball  should  be  covered  with  a 
moist  sponge,  so  that  the  current  may  penetrate  the  epidermis.  In 
this  way  a  vcr>'  slight  ditfcrcncc  of  sensibilitj",  especially  of  the  upper 
and  lower  extremities,  can  readily  be  detected.  By  gradually  increas- 
ing the  power  of  the  current  up  to  the  point  of  endurance,  the  extent 
of  the  anaesthesia  can  be  ascertained  with  tolerable  accuracy.  One 
great  advantage  of  this  mcdiod  is,  that  the  same  apparatus  with  which 
we  treat  the  disease  can  be  used  to  diagnosticate  it,  and  to  mark  the 
progress  from  day  to  day. 

Treatment. — \Vhen  the  anesthesia  is  very  limited  in  its  extent,  and  the 
general  health  of  the  patient  is  other  wise  good,  localixedelcctrirjilion  is  of 
course  indicated.     As  a  matter  of  fact,  however,  very  many  anesthetic 

*  D«  pulsu.  resorptionc,  auditu  et  Uctu,  innotaiiones  onatomictv  «t  phyaolggka. 
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patients,  whatever  may  be  the  cause  on  which  their  symptoms  depetid 
are  inoie  or  less  debilitated,  and  are  benefited  by  tlie  cumtitultoiial 
tonic  effects  of  general  electrization.  In  cases  of  anasslhesia  that  arc 
dependent  on  lesion  of  the  central  nervous  system,  central  galvaniwi. 
dons  15  sometimes  indicated.  Obstinate  cases  of  a  localized  chiracter 
arc  well  treated  by  the  electric  brush.  Anmsthctic  patients  will  gener- 
ally bear  strong  aurents  tn  proportion  to  the  extent  of  the  anaesthesia 
witli  benefit  aod  without  injury'.  Some  temperaments  that  do  not  feel 
the  current  tluriog  the  application  may  yet  experience  unpleasant  re- 
active effects. 

Pregnosis. — The  prognosis  in  aniesthesia,  waiving  for  the  moment  all 
questions  of  causation  or  pathology,  is  iisnally  very  favorable,  and  be- 
yond comparison  more  favorable  than  that  of  paralysis  of  motion. 

One  reason  for  this  difference  is  that  anaesthesia  is  an  earlier  symp- 
tom of  organic  disease  of  the  nervous  system  than  motor  paralysis, 
and  is  therefore  sooner  treated.  But  we  conlinually  observe,  even 
when  the  two  conditions  coexist,  as  is  so  frequently  the  case  in  cen- 
tral, spinal,  and  peripheral  paralysis,  that  the  anxsihesia  yields  much 
sooner  and  far  snrcr  than  the  paralysis  of  motion. 

The  discussion  of  the  interesting  physiological  questions  suggested 
by  thcs«  observations,  though  somewhat  enticing  and  suggestive,  does 
not  come  within  the  scope  of  the  present  work. 


Aittttittia  d/  anierUr  rtghn  of  right  tAigk,  ef  fraumatk  origim,  ef  ten  ynff 
ttanding — Ptrmamntl  rtnve*y  mndtr  letaUttd  faradisation. 

Cask  XI.1X.— Mr,  H.,  a  iloiit.  vieormis  man  aged  29  jrvors,  was  icnt  to  usb? 
]>r.  H.  Grc^m-,  of  Il-vleni,  lo  be  treated  for  aiuctbcsta  (which  had  annoyed  him  for 
nway  ycus)  of  the  ttntcrior  poriivti  of  the  right  thi^b.  The  only  ponlhle  cauw 
to  which  wc  raald  refer  the  symptoms  wa«  an  Incised  wound  that  he  had  received  in 
Ih«  thigh,  neat  the  great  tmchanirr,  «ORte  ten  yenni  prevlom-Iy. 

The  ;'rs!ient  coulil  not  po»itircly  Male  that  the  paralfiiia  of  somtion  im mediately 
fulluwed  the  injury,  »ince  the  anK&lhe«ia  mtjis  not  »o  noticeable  at  st  a  laler  date 
The  ficiTt  had  become  <to  inieniilile  (a  ordtnar/  imjireuioix.  Iliac  it  wa«  nev'e<nary  to 
Mfnrale  the  points  of  a  pair  nf  compatMn  tome  45  in  30  Ibcs,  livfore  two  {mpres* 
»ione  were  received.  The  pricking  of  a  pin  caii>«d  no  seiraiion,  and  even  when  the 
point  penetrated  uveral  linet  beneaTh  the  surface,  no  paiii  vnu  experienctfd. 

Dinipation  En  eating  and  drinking,  annnial  citeTciic  and  lo*«  of  deep,  invariably 
aggravated  the  disorder.  The  first  application  of  the  bradfc  current — made  down 
tlic  <tpinc  and  to  the  affected  limb— verj  markc-lly  rclicrert  the  ansitbe^io,  and  after 
the  third  application  the  limb  wan  rentored  lo  it*  normal  seniibilily.  At  the  fourth 
LTtnt  he  compUirted  that  the  pai  t  had  partially  relaptcd  into  it*  former  niue^lheilc  con* 
rJition,  bal  accounted  for  it  from  tbe  fact  that  he  had  ipent  rao«t  of  th«  pccnoni 
light  al  a  Mxial  galheriDg. 
29 


450  CASES  OF  AN-«STHESIA. 

An  ftpi>Ucaiioii  a^;^  relieved  (he  aiutsthesliL  Wc  fuiind,  as  usu&I  in  all  cnes  of 
anaeilhcHa,  that,  u  the  limb  progre«cd  toward  «  cure.  It  became  more  and  man 
KnMtive  to  ihc  inflitcnce  of  the  current. 

After  Teceivins  (en  appHcntionH  the  Limb  vnu  again  restored  lo  its  normal  leim- 
bililjr,  allli»iicb  occa-Uunally,  after  luiiiftia]  excriion  and  Ion  of  *lecp,  it  beciinc  »otaC' 
wlut  oiucvtlietii:. 

In  the  case  of  this  genllenian,  the  wound  before  referred  to  was  over 
(he  course  of  the  external  cutaneous  nerve,  after  it  passed  beneath 
Poupart's  ligament,  and  the  beneficial  results  that  followed  treatment  by 
electrization  were  due,  dontitless,  to  the  fact  that  the  nerve  had  suffered 
merely  from  conltision  and  notdi^'ision. 

Hysterical  hyjtenesthesia  is  niiicli  mure  commonly  noticed  with  us 
than  anaesthesia.  The  tatter  condition  is  without  doubt  occasionallr 
Overlooked,  and  again  may  soraclimes  be  feigned. 

Hyittrirat  anxithma — Diminvtum  of  tfmfierafnrt  during  tht  Bttarki — Grrat  in- 
uniiiilily — Gradual  imfircvememt  aMd Jinal  ree^vtry  tinder  gtiteral /amdiuttitn. 

Case  L. — Mri  S.,  aged  %^,  wu  tutqect  to  rreqiMnt  atioclcn  of  hysteria,  witb  la- 
IcfiM  niclniichuly.  S)ic  kitflcrcd  alsu  from  general  ncufalgic  attacks,  h-IiioJi  m-cic  fuU 
lowed  by  almoiit  complele  anxitlieiiti — commencing  at  the  l!in)ren  af  eitlier  hand,  ei- 
tending  up  \a  ihe  nrnit,  the  Rhuiildeni.  and  iaxK,  and  finally  inrolving  the  longae,  «> 
that  lirr  speech  wu  only  in  broken  ulteranccs. 

About  i))e  fmccr-n^lli  the  sktu  anwrned  a  dull  leailen  color.     The  pube  yna,  tlmiMl  i 
imperc<ep(  ible.  and  the  ietii[M:Taturc  of  the  alTecleJ  ports  was  considerably  below  ths 
Qurmiil.     InsenKibilily  CO  painful  irapres«ions,  which  alwys  preceded  the  Ion  of  the 
ICDse  or  touch,  was  at  first  incomplete,  but  gradually  increased.     Uuiiiig  the  attack 
her  memory  always  beisune  much  imputed,  so  that  she  was  oflen  unable  la  call  X9\ 
mind  the  names  most  dear  to  her. 

The  paroxy<nM  Ustol  from  twenty  minutes  to  half  an  hoar,  and  were  followed  \tf% 
wvere  headaclie,  while  n  L-on->iderabIe  nunibiieu  of  the  armit  and  hands  rcmitned  for 
several  days.  Carbonate  of  sinmotiia  seemed  to  relieve  her  tnoro  quickly  than  any  ' 
other  internal  remedy,  but  nothing  she  had  ever  tried  had  txen  of  any  very  permanertt 
benefit.  An  application  of  the  faradic  curre^it,  made  tn  the  partt  nHcticd  Hutm);  a 
parciKysm,  alwap  shortened  the  attack;  Although,  while  the  aiuatlicsia  la>led,  Ihc 
linger^  nrmn,  fate,  and  longue  were  ioscntiblc  to  the  luflueucc  of  a  current  of  con- 
ndcrable  power. 

Treatment  by  general  lanuliiation  was  continued  during  the  interval  between  the 
patroxyKmi,  reiulittig  in  a  diminution  in  the  severity  of  each  tucceeding  a.tcack,  until 
in  a  few  months  they  c«ated  to  troublv  her. 

A-aUkesi*  tf  left  tide  of  fate,  extending  t*  te/t  ndstrit  and  imterKol  turf  art 
of  theei,  and  eomfiitattd  TvitA  fiarafytii  of  moti»f^^Improttmemt  and  reeotfrjr 
timder  faradiiatian. 

Case  LI. — Miss  A.  C.,  an  unmarried  womant  a^  2S,  applied  for  (reatmcnt 
for  cntaneotts  anaesthesia  of  tlie  left  Hdc  of  the  face.     She  wu  employed  in  a  bo<^- 
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bindeiy,  and  her  dally  laboi  extended  over  1  period  of  from  twtlve  to  fouTlcen  hcnn. 
As  a  nninra]  conwqiKnce,  her  general  health  hid  become  Mniewlml  irapaire  J. 

Jler  mcnstTual  fitnctian  ms,  however,  pcrformet)  re^ralarly;  and.  allhougb  her  di* 
|C4lion  v*med  to  be  vigoroiu,  ihc  was  nervous  ami  anaanic 

She  gave  the  following  account  of  lierwif :  Same  «k  mcnlhs  prciiousl}',  ihe  nO' 
ticcd,  u  the  close  of  1  day  of  hard  labor,  And  after  exposure  to  a  cold  tfLtl»)j  wind,  a 
■ligUt  fcelint;  of  amnboeis  in  [he  richt  Me  of  the  het.  This  numbness  rapidly  in- 
eteosed,  until  in  n  short  time  the  uwMhcua  was  complete.  Or  examining  the  (ace 
It  WM  found  that  the  tnuuih  was  drawn  n>mcwha(  over  to  the  right  side.  There  was 
dight  ptons  of  the  Left  eyelid.  And  Ihc  left  check  was  tlaccid.  I'he  want  of  ciprcs- 
rion  was  quite  marked  on  Che  aSected  side,  and  contrasted  tdrongly  with  the  right 
■ide  when  she  laughed,  or  entered  into  conversallon.  She  was  entirely  inseniible  to 
ordinary  impre&tiont  oti  the  left  tUic  of  the  face,  and  the  aiucsthcsia  eitcndeil  to  the 
U/t  notlrit  and  tA*  inter  mil  sutfn:*  of  the  cheek, 

Tbt  sensation  and  movement  of  the  txmgue,  and  the  power  of  tatM;  wen  nnim- 
patrcd.  Local  applications  of  the  farndic  cnrrent  were  given  every  day  or  two^  bat 
for  some  little  time  no  imprcsaon  »emcd  to  be  made  on  the  diseased  nerve. 

It  oral  unly  after  treatment  had  been  continued  two  weeks  ami  some  eight  apph- 
cations  had  been  given,  that  any  lenritlveness  to  Ihc  current  was  manifest  along  the 
course  of  the  fifth  pair.  The  improvement,  however,  from  this  time,  although  slow, 
was  constant. 


In  this  case  the  nilc  that  the  nrwesthcsia  itnprovcs  more  rapidly  than 
the  paralysis  of  motion  was  revt;r»e<L 

The  an.Trsthesia  improved  but  little  until  the  face  asstimed  its  natural 
proijoi lions,  when,  in  a  short  timtr,  the  noriiial  sensation  entirely  re- 
turnetl.  The  trcatmciit  was  continued  during  two  months.  In  most 
cases  of  anxsthesia  of  the  irigeiuinus,  related  by  Koniberg.  the  loss  of 
sensation  was  so  marked  that  deep  pricking  with  a  needle  caused  no 
pain,  while  in  this  case  the  anxsthesia  was  limited  to  the  skin  and 
mucous  memhrane.  Anaesthesia  of  the  tifth  pair  of  nerves  may  be 
peripheral  or  central ;  in  the  latter  case  Uicre  is  coincident  paralyas  of 
the  nerves  of  motion  and  sensation,  and  hemiplegia,  more  or  less  com' 
plete,  is  often  present. 

The  diagnostic  symptoms  of  this  variety  of  paralysis  differ,  according 
as  the  scat  of  the  disease  is  located  in  the  course  of  the  various  ramifi- 
cations of  the  fifth  pair,  after  it  leaves  the  sphenoid  bone,  or  in  the  Cas- 
serian  ganglion,  or  at  the  base  of  the  brain. 

The  symptom  of  anx'sthesia  occurs  in  many  forms  of  paralysis  of 
motion — heiuiplegia,  paraplegia,  and  so  forth — and  many  cases  will  be 
found  under  those  disca-cs.  Anxsthe«a  occur*  also  in  writer's  cramp 
and  in  locomotor  ataxia,  where  it  is  a  prominent  symptom.  In  all  the 
diseases  where  it  ex!  its  as  an  incident  or  complication  it  is  to  he  treated 
on  the  same  principles  as  where  it  exists  as  the  sole  or  leading  qonptoni. 
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Parai,ysis  of  inotion  is  a  condition  for  which,  from  the  earliest  his- 
tory of  eject ro-lhcrapeti tics,  electricity  in  its  different  forms  has  been 
used  more  than  in  any  other  disease ;  and  not  until  quite  recently  has 
it  been  demonstrated  that  there  are  many  other  s^inptoms  in  which 
the  retiuhs  of  clccmcal  treatment  arc  much  more  rapid  and  brilliant 
than  in  any  form  of  motor  paralysis.  In  hysteria  and  affections  allied 
10  it,  in  Cerebral  and  spinal  congestion,  In  chronic  alcoholism,  ncuralgiat 
and  in  certain  ijiscaaes  of  the  skin,  electricity  rightly  u!tcd  by  the  mclti- 
ods  of  central  galvanization,  general  faradization,  and  local  galvani<a< 
tion  of  the  nerve  centres,  relieves  and  cures  far  more  rapidly  than  in 
paralysis. 

Paralysis  has  been  especially  prominent  in  electro-therapeutics,  for 
the  reason  that  oftentimes  electricity  is  the  only  remedy  to  which  it 
yields.  Those  who  have  restricted  themselves  to  localized  electrization 
have  always  given  their  chief  attention  to  different  forms  of  motor  par. 
alysis,  but  even  now  the  impression  yet  lingers  that  it  is  about  tlie  only 
disease  for  which  electricity  is  indicated. 

All  forms  of  paralysis,  as  of  neurvlgia^  may,  for  the  sake  of  conven- 
ience of  description  of  therapeutical  indications,  be  included  under  one 
of  these  four  divisions : — 

I.  Constitutional. 
a.  Central. 

3.  Peripheral. 

4,  Reflex, 
QmsHttdienal  Paralysis. — This  terra  ts  applied  to  those  paralyses 

which  arise  from  some  blood-poi&on  or  constitutional  degeneration. 

Among  the  more  common  causes  of  this  variety  of  paralysis  may  be 
mentioned  hysteria  and  the  poisons  of  certain  diseases,  as  gout,  rbtni- 
roatism,  syphilis,  mineral  poisons,  as  lead  and  opium,  etc 

Rheumatic  Paralysis. — In  the  partial  but  persistent  paraljrsis  ihal 
occasionally  follows  subacute  muscular  rheuinati>^m,  faraiiization  has 
proved  exceedingly  efficacious.     The  muscles  most  frequently  affected 
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by  rheumatic  |uual)'5iit  arc  the  deltoid  and  trapezius  (in  consecjuence 
of  which  it  becomes  impossible  01  ditticuU  to  lift  the  anufroni  the  side), 
the  extensor  muscles  of  the  forearm,  ihe  muscles  of  the  lower  extretn* 
ities,  and  occaslunally  the  inter-ossei  aiid  lutiibricolcK  muscles. 

£le{tro-l>iagfu>sis — Tnatmen/.^-Thv  electro-muscular  contraclilitjr 
in  recent  cases  is  normal ;  in  long-staudinj;  cases,  diniinislied.  General 
as  well  as  purely  loc^  Ucatincnt  is  frcqucnlly  rctjiiirctl  in  paralysis  of 
ft  rheumatic  origin,  in  order  to  combat  the  rheumacisin  in  the  consiltu* 
tioD,  as  well  ai  its  local  manifestations  {see  chapter  on  Rlieunutism). 

In  this,  as  in  other  forms  of  paralysis,  atrophy  of  the  muscular  tissue 
occurs  after  a  certain  length  of  time.  It  is  extremely  important  to  begin 
treatment  before  the  muscles  become  thus  affected.  In  cases  of  rheu- 
uiatic  paralysis,  where  tlie  invasion  ha&  been  iudden  and  the  pain  con 
iiderable,  electric  excitation  produces  pain  ;  but  where  the  invasion  has 
been  mure  gradual  and  unattended  by  pain,  electric  excitation  causes 
very  Itttlc,  if  any  sensation. 

ami  laraliuJ /arajfotivn. 

Cass  LII. — A  pxiieni,  a  young  IojIv  a^cd  2j,  luU  been  unalilc  to  raise  het  hand 
fron  her  lUe  for  several  mi>»thx  VUt  accc^  uf  ihc  rheuinalism  was  gradua!,  and 
uialtaidod  by  acuie  pain,  excepting  when  preuure  wu  made  om  the  affscted  mnB. 
cle,  or  when  ^c  ailcmpteil  to  rxisc  the  arm.  An  nppticatioii  of  the  faiadie  ciiricnl 
csuKtl  [tain  only  when  it  wai  MifKciently  inlcnte  to  proilucc  cnnlraclion*. 

Tli«  miuclr  rapidly  liocainc  lcv>  vn«iiive  to  ihe  influence  of  ihe  ctirreiit,  and 
ip-.idiially  rc^intel  Ut  lott  puwer.  The  reUuraltou  uf  *treoj;lh  wat  compleie  in  two 
weeks. 

We  have  treated  quite  a  number  of  cases  of  rheumatic  paralysis  of 
Ihe  dclioid,  the  trapezius,  and  of  the  lower  extremities,  and  usually 
ift-ilh  the  most  satisfactory  results.  Electricity  is  always  indicated  in 
this  condition,  and  few  cases,  doubtless,  would  fail  to  improve,  even  if 
Ibey  do  not  recover  under  its  intlucnce. 

Syphilitic  I*aralysis. — Syphilitic  ocrvous  alTections  may  exist  eitha 
with  or  without  appreciable  structural  change.  Paralysis  which  results 
from  secondary  syphilis  may  derive  benefit  from  electrical  treatment. 

The  principles  and  method  of  treatment  are  the  same  as  for  rheu- 
rnatic  paralysis.  TTiere  is  as  yet  no  evidence  that  general  faradization 
or  central  galvanization  have  any  special  influence  over  the  syphilitic 
poison  ;  they  act  as  general  tonics  and  thus  help  the  system  to  conteiul 
with  the  disease. 

Lead  Paraiysis. — In  slow  poisoning  by  lead  the  metal  becomes  dif* 
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fused  throughout  thiC  whole  system,  and  exerts  its  influence,  though  ia 
111  unequal  degree,  on  every  nerve  and  orgaji. 

As  is  well  known,  however,  the  upper  estreraittes  are  most  frequently 
affected  by*  jjaralysis  (tnorc  or  less  complete).  The  muscles  usually 
affcclcd  arc  ihe  extensors  of  the  hands  and  fingers,  so  thai  they  hang 
down  by  their  own  weight.  It  is  probable  that  these  muscles  are 
chii;l!y  atToctcd  in  this  disease,  as  in  hemiplegia,  because  they  arc  weaker 
and  operate  at  a  great  mechanical  disadvantage. 

SUdreDia^nesis  and  lyeatmen/. — ^Thc  electro-muscular  contractil- 
ity of  the  affected  part,  in  this  form  of  paraly^t:^,  h  always  diminished  ; 
and  frequently  it  is  entirely  lost,  even  in  cases  where  there  is  little  or 
no  atrophy  of  the  muscle5i.  The  electro-musctiUr  sensibility  i*  usually 
unimpaired.  Diplegic  contractions  may  appear  in  this  disease.  Ac- 
cording to  Hitzig,  mobility  in  cases  of  lead  poisoning  is  lost  before 
electric  con iracti lily. 

If  the  electro- muscular  contractility  is  completely  lost,  it  is  better  to 
apply  a  mild  galvanic  current  to  the  paralyzed  part  for  a  few  minutes 
before  the  faradic  is  made  use  of.  The  latter  current  should  be  used 
daily,  and  not  longer  than  ten  or  fifteen  minutes  at  each  sitting.  As 
soon  as  the  slightest  contractions  arc  produced  by  the  faradic  current, 
the  galvanic  may  be  discontinued,  in  some  cases  we  have  thought  that 
Ihe  galvanic  current  answered  better  than  the  faradic,  even  when  the 
muscles  respond  to  the  faradic 


LtnJ fiirofysif  of  nine  months'  il.m.-fi'ig  drapptd  wrult — Apfrwtimatt  rttsvtry  undtr 
/cfjJiuJ  gafiMima/i^M  and faradit^iin. 

Case  LIII. — F.  H..  i^fed  34,  afflicted  whh  lead  p«rdyiL%  ^ave  tbe  following  his- 
tory ;  Fur  ^vcrnt  ynrf'heliad  workct  .nlinust  conslamtly  in  lead,  miil  about  iiiocinonihs 
prior  to  his  application  Tor  relief  he  became  obs  linn  lely  cuiiKCipaTcd,  Nuffereil  from  vn^« 
ptinsin  the  l^s,  shoulder*,  and  over  the  iKidy  generally,  wid  in  a  thwrt  time  he  otncrvcd 
a  decidcid  Uoicncu  in  the  wrisl*.  tie  gradually  became  wor^  unlil  be  foiind  it  impos- 
tible  to  raiw  tbe  ri|{ht  hand  at  all,  and  over  the  htlle  6ng«r  of  the  left  hand  he  bad 
but  Utile  conlTol. 

No  coDliaction*  of  the  ufTected  mudes  folbwed  localiud  faradiulion ;  the  gal* 
vanic  current  produced  ilighi  contractioits. 

The  patient  vnu  treated  for  some  weeks  by  a  i^vanic  current,  jiut  aufficietit  ta 
strencth  to  produre  slight  muscular  mcttian  ;  and  subsequently,  when  the  Eanultc  cur- 
rent mu  tried,  the  muscles  reacted  appr«ci;ibly  to  it. 

The  ireatmciic  waj  kept  up  for  iwu  moiulis  and  refuUcd  tn  an  approximate  retor* 

'.  the  iioriiiaJ  tttcngth  lo  the  aflcctcd  parta. 

Parafytis  from  Opium,  Stramonium,  Arsenic,  ttc. — In  desperate 
tfics  of  poisoning  by  opium,  elecliicity  has  betn  repeatedly  used  with 
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success.    The  method  of  artiAcial  respiration  may  be  used  (see  chaptcf 
on  Artifieiai  Respiration). 

After  recovering  consciousness  from  severe  poisoning  by  opium,  oi 
other  poisons,  Uie  various  limbs  of  Ibe  body  are  occasiunally  left  in  a 
permanently  paralyzed  condition  that  persistently  resists  alt  the  efforts 
of  nature  and  medicine.  Two  such  cases  have  fallen  under  our  obser- 
vation. 


^rtiat  farafytit  ef  vpfer  an4  fvwer  limit,  icnttd  6y  an  werioi*  of  ophim — Ai- 

primemml  undrr  generai  /amditaii^n.  « 

Cass  LIV.— A  lilil«  boy,  «>mc  eight  year*  of  nge,  wa»  pretcnted  to  us  nfTctii).; 
from  partial  pualyw^  of  the  lower  limht,  and,  in  a  leu  degree,  oT  bolb  anntoliu.  lie 
could  walk  only  with  tlie  av>ut.-uice  ofanoiher,  awl  llicn  witli  m\  iincerlain,  »tag)>cTing 
gait.  Hh  lcg«  were  nemsrUably  unall  uid  cold.  hi»  boweld  vuuliiiuiitlx  coii&iipued, 
knd  hU  general  cotiiliiion  feeble.  When  bui  tlircc  years  old,  hU  nuric  on  one  occa- 
■loa  ftdmitiiilered  to  Kim  by  mistake  a  IcaApuonfuI  of  the  Cincture  of  fl|iiuin. 

By  peT>iMcni  crri}it«  only  wu  hit  life  nvcd  ;  but  the  thock  tu  hb  nervous  syttem 
vra«  *o  )i;reM  thai,  (or  one  year  afler,  lji>lh  legs  weie  cnniplctcly  jiaraiy/ed,  Kinally 
he  regiuncii  a  portion  of  Hrength,  until  lie  leathcd  the  condition  nlready  dc»cnbcd. 

The  deciio-tnu<ii:ularcouliaciiIUy  and  electro -teudbi I iiy,  not  only  of  tbe  Uiiib?,  but 
of  ibe  cnliic  bw)y,  wu  much  itnproved.  The  boy  conld  hear,  without  pain,  a  ^a- 
dk  cutTcni  of  Rui&ieDl  inicnsiiy  co  prostrate  a  gruwn  penon  in  ordinary  facallh.  The 
fan  gencTkl  application  teemed  [o  ttcnelit  him. 

lie  felt  lighter  and  t>cller.  Sit  Mi)»eqiieMt  b^ancen  increaKd  his  appetite,  percepti- 
bly sugmcalcd  his  atieii^lli,  luid  relieved  bia  cutiilipaliun.  At  this  lime  hii  Ic^i 
be^Ean  to  feel  wmcvrlut  warmer,  while  he  w.u  unabls  to  bear  a  current  of  as  tjreat 
Ueutty  ■»  before  The  paiicnt  wai  unitcr  treatment  some  two  monlhi,  and  received 
'  about  twenty-five  appllcaiimiti.  The  temperature  of  his  legs,  and  of  hit  whnlc  h-xiy, 
hiid  v«ry  dcciricrily  improved. 

Hii  leg!  luxl  gtuwii  larger,  and  wlLcn  he  di«contiaited  trcatiocat  hi*  general  health 
vraa  bur,  and  hit  gait  nearly  normal. 

hysterical  Paralysis. — The  hysterical  form  of  paralysis  la  constJlu- 
tional,  because  the  entire  central  nervous  system  is  degenerated  into  a 
condition  of  abnormal  susceptibility  (see  chapter  un  Hysteria  and  allied 
Affections). 

Electro- Diagnosis. — In  this  form  of  paralysis,  Ihe  electro-muscular 
contractility  in  recent  ciiiics  is  nnimpaiied  ;  in  old  case^  it  niay  be  itii- 
]kaired  or  lost,  or  the  electro-sensibility  may  be  very  much  blunted. 
Diplegic  contractions  sotnetimes  appear  in  hyslcrix  The  In»)  of  [>ower 
is  usually  incomplete,  and  sooner  or  later  recovery  usually  takes 
place. 

Trealment. — The  disease  is  constitutional  and  demands  general  ai 
well  as  local  trealment.     li  many  instances  general  faradization  pro- 
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motes  rapid  lecovery  ;  oiher  cases  arc  very  rebellious  and  only  un|)rov< 
up  to  a  certain  point.  The  general  treatment  may  be  combined  with 
central  galvanizmion  and  faradi/adon  of  the  aifcctcd  pan. 

The  fuUiJwing  case  is  au  example  of  ii£  iiitlucnce  in  the  tranuent 
fonu  of  ttiis  affccciuD  : — 

HytUrical  paralytU  af  right  arm — ^Attaekt  /requtmtly  refcattd- — ImmtdJalt  rtHtf 
/r»m  l»toti»td /aradiialion. 

Case  LV, — A  young  lady,  of  nn  eige^vely  ncrvnu*  ur)>itRtulioil,  waslrec|uetilly 
sut^ci  10  hyiteciaU  altacks,  when  one  uf  her  anm  (genctally  the  lighlj  alw«y« 
becainc  perrectly  amesilielic  and  almo»[  powcrlcsL  As  a  rul«,  hct  ma  ramained  ia 
lliiE  condilion  ulfout  on  hour. 

Od  one  occasion,  immedutdy  after  o-n  attack,  a  powetful  faraiiic  ciurail  vas  di- 
rected for  Iwu  minulci  lliruu^i  \\\c  ami,  from  the  wii^t  to  the  shoulder,  oomplctdy 
dik.si|Mting  the  anxxthcsia  and  mloriiig  the  lu«l  power.  Many  similar  ajipUcaltuoi, 
during  tnibtcqucat  attacks,  invuiably  produced  ihc  uuac  rcmJt. 


Gtmtral  farafysii  ff  an  iyiitrUai  tharacUr,  Vfilk  hM  of  mMon  of  heik  tkt  upfrr 
aid  tovier  limit,  and  tev*rt  trophy  of  tkt  mufcltt  ef  tkt  ufptr  Umit — firmar^ 
aiU  tympt-^mt — Vtrygrem  impravemtnt  ^t^  M^t  abreiute  rttavtry  under  ptri^herti 
and  tentml  gaivattuatMH. 

CasB  LVI. — Mn.  S.,  gf  Siaten  Itlaml,  u)Tcd  41,  wu  the  moil  renuirkable  illiit- 
tmioii  of  the  cflicai^y  iif^ilvaiiifiliun  tnparaLyiit  ilT>t  ha^t  ever  fallen  under  oufotner- 
vaiion.  Tl>e  pacicjit  Uni  came  under  our  care  Sept.  25,  i968.  Nine  mooths  befort 
ihe  MilTered  a  niiKariioge  tJul  had  Icfi  h«[  iu  a  coiiditiou  uf  uiier  helplcssiicsi.  Both 
tipper  tuiil  iuwrci  liitit»s  vi^crc  i-dmplclcly  parulyicd,  llic  only  iJ<iwei  reuiatoing  lieing  a 
iligltl  luiiitcd  inotciucDl  uf  llic  tlii^ii.  The  hAnd>  wac  \icxutaacn\iy  emended,  tiM 
iniet-u»ci  ^rejitly  atrophied,  aiid  llic  muncles  at  the  aim  ajul  forearm  were  «o  mucti 
]dirunken  ihat  llic  circumference  of  the  arm  wm  diiLiinivhcJ  (o  the  extent  of  between 
one  and  two  inches.  The  lower  liinlis  urere  abiulutely  inoiionleM— not  a  niuKle 
(,-ave  even  the  feeblest  mpunM  lu  the  will.  Tiie  muKlet  of  ilie  lower  limbs  iver«  bat 
little  actophicd  even  below  the  knee ;  but  the  skin  ptctentwl  a  peculiar  eloi^r  ap- 
pearaitc^e  that  i\  uiociate;)  witli  greatly  impaired  nuirilion,  which  has  been  docribed 
by  Dn.  Mitchell,  Morehrniic.  and  Keen."  There  was,  howewr,  no  j*ui«,  which 
thcw  phyut:iana  (omul  to  be  an  invariable  accompaDimeat  of  glo»y  skin  that  resulted 
frutn  injury  Iu  a  ncive.  Tbe  appciTance  of  ube  skin  uiay  be  belt  uadcrsluud  )iy  cam- 
pftring  it  Co  a  cicatrittd  wound.  Thin  appearance  wb»  moiit  marked  tielow  ilie  knees. 
Both  upper  and  lower  limbs  were  v«ry  cold  and  very  sciuitive  to  cold.  7'hrre  war  n» 
lou  cf  pou/rr  mvr  ikt  bladder  or  rettum.  Appetite  aud  <Ji|;e^kin  were  goud,  but 
there  waa  some  dyspnoea.  The  patient  aLw  slept  well  usually,  although  compelled  to 
tic  cooslahlly  on  her  buck  nnlcH  she  was  turned  over.  The  importanl  feature  of  the 
caM  wan  the  tcniarkoJily  beaJthful  per  fur  man  cc  of  mottnf  the  vital  fuiiclioii*,  oaa> 
joined  with  abbolntc  hclplciMnchs.  A»  the  lillle  moliooof  her  hngcru  vnu  not  nifBciea: 
to  enable  her  to  gra*p  even  the  Ughte«t  object,  it  was  neceuary  for  the  aunt  to  facd 

*  Gunshot  Wounds  and  other  Injuries  of  Nerve*.     1864.    Pp^    79b  &^ 
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ha.  V»Hj  sli«  was  lifted  out  of  bed  and  placed  In  on  invaHd's  clialr  that  could  ba 
lowned  iato  a  horiiontol  poHLton.  To  lic  up  in  an  ordJiury  chair  mu  mipotilhte, 
since  the  dcvion  of  hcT  limbs  caused  unbcurable  pains  in  the  joiDisL 

The  hniin  wu  usually  clciir,  (hough  the  memory  hod  heen  MinewhaC  impaired^ 
The  patient  vtas  surprisingly  buo/niif ;  but  lUMaincd  incnUl  exerlioiir  even  the  read* 
ing  of  a  ihurt  pangnipb,  wai  fi^owed  by  lenuEiom  of  wetuineu. 

The  palieni  wu  of  a  nervous  conrtituiion,  hju)  never  been  cjipihle  of  great  exerliaa 
and  for  a.  loiji;  time  before  llie  acuck  liad  complained  uf  nuinbueia,  tioKliog.  uid  othc* 
premwiitury  lymploin*. 

Eitclru  exa/niHiUioH  &hoi\cd,  an  was  expected,  abaalaie  lost  of  eleclro-muiicalar 
coatriLctUity,  in  bolh  the  U|)|icr  and  lower  Itmlix,  to  the  faradic  current.  A  slroBg 
galvanic  current  produced  fcchlc  contract i> mi  in  the  extenson  ami  flexon  of  iLc  fore- 
■rmi,  but  none  wha.icver  of  the  inu«:l»  i>t  the  tuwcr  ]im1<&.  There  wa>  aba  very 
ipt-Ai  an;»thekla.  Analti^U  cxittcd  In  the  luvr<;r  limbv  In  the  arms  forearms  and 
linger*,  there  w-u  tMfstht  hypcrsitktiia  cf  fht  itmt  if  tSiith,tpn}^iNed  tvitk  itddtd 
anaigtna.  A  tolerably  Krong  current  localiicd  iu  the  muscles  woi  not  painful,  but 
ibo  slightest  touch  on  the  nirfocc  wu  unpleasani.  Two  important  fcaiuia  of  the 
cue  were  rtJUx  tpiumt  if  ike  v*ttuUt  of  tkt  lauitr  iimtt  during  tUetriiatian,  and  a 
ptcHliar  jttuation  lAraiigh  tkt  ttiAolt  ntrvinu  ramifeatian  after  tlfctritatim.  The 
patient  compurtJ  it  to  "  vi^vcs  of  Kniation  "  rolltnf(  up  and  down  the  limbs."  Thii 
Mn>jiliuii  wai  lometimet  fell  one  or  two  days  after  tlie  appliaUion. 

Taking  into  consideration  all  the  foeitiof  thecaw— thecoiapletencnof  theparalyiaji. 
Ibc  Id»  of  mustular  coniructilily,  the  absence  of  poia  in  the  limbs  or  in  the  «pine,  the 
abience  of  any  morbid  lyinptunM  in  ihcrectumot  bbddcr,  or  of  afcetbi:of  couMrJction 
b  the  abdomen,  the  abunoe  of  spinal  leadcmess,  or  of  a  wntation  of  ^ain  when  lee  or 
hot  walcr  were  applied  to  the  back,  and  the  nrious  and  peculiar  behavior  under  dcc- 
Iriution,  we  cnnduded  tlut  the  csk  was  one  of  ^  hy^erkai  character. 

The  treatment  couktuted  chiefly  in  central  and  Incaiiied  electriiation  three  times  a 
week.  Ih>th  mcihodt  were  iiivd  ol  ibe  tame  Killing.  At  RrtC  the  faradic  current  wax 
UM<1,  but  without  nial(in|-  any  inipiewioii  on  the  disease.  The  Futi  application  of  the 
galvanic  curreui  took  immediitle  effect.  The  acut  day  the  patient  could  rni-^e  buCh  of 
bet  lower  liinb»  »ia  iochc*  from  the  huriiontni,  a&  ^e  lay  in  her  chair.  The  i[ii|«vs'e- 
tncnt  wa£  permanent  and  proj^csaivc.  Another  ungular  feature  was  that,  in  spite  of 
her  weakncia  and  helplesanei^,  the  patient  could  and  did  bear  n-iib  bene6t  protracted 
applicaliuus.  In  order  lo  bring  lliu  whole  body  under  the  influence  of  the  ciincnt  at 
one  uCling,  and  at  the  iamc  time  to  [;Lvc  [fie  needful  attention  to  (be  aifectcd  inuM:Li:i 
and  j^roupt  of  tnuKlea,  the  littingi  were  tometirnes  double  the  average  lenglli. 

IinproremenC  in  the  upper  iiinl»  followed  improvenicnt  in  the  lower.  Tlie  exten- 
ton  and  llcxon  of  the  arm  and  forearm  won  bcj^'an  to  resuiuo  their  contractility  under 
Ibc  faradic  current. 

January,  iSt^,  the  patient  bod  iteadtly  pFogresed  from  day  to  day.  Although 
healthful  contractions  were  not  obinincd  ia  tbe  muscles  below  the  knee,  even  nndci 
the  galvanic  current,  ycl  the  xkb  liad  a  leu  gloi&y  appearance,  and  the  power  of  mo- 
bon  tuul  greatly  increwed. 

The  improvement  in  the  arms,  though  at  first  slow,  was  (ubiequcDtly  more  rapid  10 


*  One  of  the  authors  has  experienced  a  preclxly  similar  scn*attQn  through  the  brain, 
■faoal  cord,  and  all  the  nunificatioiu  of  the  neiva^  after  an  overdose  of  baalieeih. 
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the  opprf  >hui  in  the  lower  tinibt.  Bjr  Jan.  t,  both  the  turna  and  fore:iniu  had  per 
cpptihly  snlargod,  as  w»  «Iw  shown  by  mcasiirctnenl.  Ttie  jialienr  cniild  hondla 
ii^hi  objects,  and  wu  bq^imlnji,  in  on  aiv-kviuU  way,  to  feed  hcrscU.  She  could  lil 
in  uauly  a  oaittnU  ppution  in  her  choir,  and  when  well  luppoctnl  lould  stand  for  u 
Instant. 

Fcbr  I,  1S69,  the  treatment  was  a.baTidonod,  bccauM  the  patient  seemed  Tot  the 
time  to  Tcmain  laationar^-.  At  thai  time  she  had  increased  in  weight  to  the  cxtcni.  it 
is  juit  to  estimate,  ot  twenty-five  pounds,  although  the  palient  was  not  weighed.  She 
wat  able  to  read  thort  paragraphs  and  took  her  boak  nr  paper  dally. 

On  at^coiuil  of  the  wcakncu  of  (he  pcrooct  mutclea  of  the  right  Iqg,  the  foot  had 
all  aloBJt:  eiliibited  a  teudeitcy  to  turn  in.     Thi*  ^yinptoni  did  uoi  itupiove; 

After  ibc  tcratmail  w-u  dixuotiuucd,  the  patient  vlill  proi^revieii. 

When  lut  jccd,  Augu&t  1S70,  &he  imd  gained  fcom  lliirty  to  fully  {vund^  in  weight, 
lui  ncaily  full  use  of  her  arms  and  handi,  which  had  retrained  thcii  full  siie.  and  wai 
able  to  step  with  a!uii.t.-iTite,  and  appeared  to  be  prc^-emed  from  walking  alona  aoly  hf 
glddineu.     She  couLci  rrad  for  hours  at  a  time  without  excenive  fatigue. 

The  improvcineiit  in  the  last  few  months  had  been  greatly  udcd  by  ^lematic  mb- 
Ung  and  movemciits. 

In  the  above  extraordinary  case  the  record  was  never  complete,  but 
the  results  of  trealment  were  most  interesting  and  remarkable. 

Centra/  Paralysts. — Central  paralyses  are  those  which  depend  on 
some  special  nnd  distinct  morbid  condition  of  the  brain,  spinal  cord,  or 
sympathetic. 

Hemiplegia  and  paraplegia,  with  their  compltcitinns,  arc  th<?  more 
frequent  and  iiiipurtaiit  maniletitaiions  of  paraly.'tis  of  rcniral  origin. 

When  the  morbid  process  Is 'in  the  central  ganglia,  the  reaction  may 
be  either  normal,  or  increased  or  decreased. 

When  dizziniess  is  excited  l»y  a  very  nilLd  galvanic  current,  there  ts 
reason  to  su&pect  some  morbid  procubs  within  the  brain.  'I'he  diagno- 
sis of  the  diseases  of  the  brain  with  which  hcniijilegia  is  associated  is 
much  aided  by  the  ophthalmoscope,  which  frequently  reveals  changes 
in  the  optic  disk,  the  retina,  the  choroid,  and  the  blood  vessel*.  Cere- 
bral  effusion  may  be  indicated  by  congestion  or  infiltration  of  the  optic 
disks  on  the  side  on  which  the  clot  crisis ;  tumors  of  the  brain  by  neu- 
ritis, ncuro-retinilis,  and  isch-Tcmia  ;  scftemng  occisionally  by  neuritis 
or  atrophy. 

Prognoiis. — The  prognosis  of  hemiplegia  under  ireaiment  by  elec- 
tricity is  in  general  much  better  than  has  been  supposed.  Manifestly, 
everything  depends  on  the  nature  and  seat  of  the  afiectioil  as  vrell  as 
on  the  age  and  constitution  of  the  patient. 

The  [irognosii  is  belter  in  proportion  as  the  symptoms  are  uncom- 
plicated ;  better  in  the  VQiin;}  aud  ttiid.lk-  a^fd  than  in  llu;  old-  dxSfS 
that  art  so  thoreughty  cured  a*  to  UaVt  no  marks  bthtnd  are  exeeptiffnat. 
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7Xf  improvemeni,  hovitvir  rapidly  it  may  progrtss  cU  first-,  usually  slept 
at  some potnl  short  if/  a  perjeii  curt.  The  majority  of  cases  can  b« 
benefited,  sometimes  rapidly  benefited,  up  to  a  certain  point,  after  which 
the  improvement  cannot  be  pushed  by  any  amount  of  (rcatmcni.  It  is 
furthermore  always  necessary  to  bear  in  mind  the  liability  to  other 
attacks ;  very  many  cases  an:  imprnvcd  at  once  and  rapidly,  while  with 
others  the  progress  is  almost  impeicuptibly  slow. 

In  psychUal  symptoms  (melancholia,  liypochondria,  etc.),  the  progno- 
sis is  often  quite  favorable.  A  persistence  of  these  psychical  complies 
tiona,  even  when  other  symptoms  appear  to  yield,  vre  have  come  to 
regard  as  an  unfavorable  sign. 

In  anasthesia,  when  uncoin plicated  with  other  symptoms,  the  prog. 
nosis  is  rciuarJtably  good,  even  when  variously  complicated  with  paraly- 
sis of  motion  or  disorder  of  the  cranial  nerves,  and  the  anaisthesia  may 
yield,  even  though  us  associated  symptoms  are  not  affected. 

In  severe  disorders  o/  speech  the  prognosis  is  not  very  fd.vorable. 
They  are,  however,  susceptible  of  treatment. 

In  impairment  of  nutrition — the  muscular  atrophy  that  so  frcqticnlly 
accompanies  hemiiilegia — the  prognosis,  especially  when  the  cases  have 
uot  been  too  long  nt-gkctcd,  is  ofteniiines  ctceedingly  favorable.  .Afker 
the  affected  lower  limbs  have  became  much  reduced,  they  may  by  per- 
severing faradization  and  galvanisation  be  restored  (o  (heir  normal  site. 

In  contractions  of  muscles  and  convulsions,  the  prognosis  is  unfavoi- 
able. 

In  disorders  of  bladder  and  rectum,  the  prognosis  is  not  very  favorable. 

In  affections  of  the  joints  the  prognosis  is  not  very  favorable. 

In  cases  complicated  with  hysteria  or  hysterical  symptoms  the  prog- 
nosis is  better  than  in  cases  not  so  complicated.  In  very  strotig  and 
vigorous  persons  of  coamc  organization  the  prognosis  is  generally  not  so 
good  in  in  the  nervous  orgnnixation. 

Other  conditions  being  the  same,  the  prognosis  is  much  better  for 
those  cases  where  the  arm  is  not  affected ;  and  when  both  the  arm  and 
leg  are  affected,  the  leg  is  susceptible  of  the  earliest  and  greatest  im- 
provement. The  chief  difficulty  in  the  hand  is  usually  with  the  exten- 
tors  and  inter-ossd,  which,  being  very  long  and  weak  muscles,  and  act- 
ing as  they  do  at  the  worst  power  of  the  lever,  are  the  greatest  suffereri 
in  hemiplegia,  and  arc  very  slow  to  resume  their  normal  functions. 

It  ^ould  always  be  home  in  mind  that  the  tendency  of  the  disease  i« 
toward  recovery  up  to  a  certain  extent,  and  that  the  improvement  which 
takes  place  in  the  early  stages,  sometimes  very  rapiilly,  is  partly  due  to 
nature  and  lime. 
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Eltstrieal  Treatmtni. — Uicea&eii  of  the  brain  of  the  diflercnt  vari< 
&rc  to  be  treated  by  both  general  aod  localized  faraduatioo  according 
to  the  indications  of  each  esse.  General  faradisation  is  frequently  in- 
dicated in  hemiplegia  a5  in  other  manifestations  of  disease  of  the  brain, 
on  account  of  the  general  debility  of  the  funelions  that  accampamft 
and  follows  an  attack  of  disease  of  the  brain.  It  improves  the  general 
nutrition. 

Central  galvauixalioD  witli  a  very  luild  current  is  a  method  of  treat- 
ment that  is  of  great  service  in  these  conditions  I'lie  special  form  and 
locality  of  the  galvanization  will  depend  on  the  supposed  locality  of  the 
disease 

It  \i  well  to  use  central  galvanization  alternately  with  ^neral  or 
localiicd  faradization. 

There  is  little  doubt  tliat  this  metliod  of  treatment,  when  not  over- 
done, acts  beneficially  on  the  nutrition  of  the  brain,  directly  by  tlic 
passage  of  Ihe  current  through  the  br;un,  and  indirectly  through  (be 
modification  of  the  cerebral  circulation  by  the  irritation  of  the  s)'in|>a- 
thetic. 

It  must  be  confessed,  however,  itiat  the  exclusive  use  of  central  gal* 
vanizadon  in  cranial  disorder  is  far  from  being  satisfactory,  and  for  these 
tour  reasons :  First.  With  all  owx  improved  meaiib  of  diagnosis  it  is 
impossible  to  fix  with  anything  more  than  approximate  certainty  the 
seat  or  even  die  nature  of  the  morbid  process  in  diseases  of  the  brain  ; 
hence,  all  localization  of  the  galvanic  current  in  this  or  that  part  of  the 
head  must  at  best  be  empirical  and  tentative.  Secondly.  It  is  im- 
possible to  Localize  the  galvanic  cturent  entirely  in  any  small  portion  of 
the  brain.  Thirdly.  Diseases  of  the  brain  are  usually  accompuiJed 
and  followed  by  general  feebleness  that  demands  cotisLitutional  treat* 
nient.  ht^A  fourthly,  the  paralysis  will  not  yield  to  merely  central  treat- 
ment directed  to  the  seat  of  tlie  disease,  but  must  be  treated  itself.  In 
hemiplegia  also  the  spinal  cord  becomes  affected  through  disease  ;  heDC« 
the  theoretical  indication  for  galvanization  of  the  spine,  or,  better  still, 
the  entire  method  of  central  galvanization. 

General  faradization,  thoroughly  used,  affects  all  parts  of  the  brain  and 
tJie  sympathetic  at  each  apiilication,  and  in  addition  powerfully  and 
beneficially  affects  the  entire  peHpherj-.  The  improvement  which  is 
acquired  by  the  extremities  and  by  all  the  superficial  muscles,  and  by 
the  viscera  especially,  under  general  faradization,  we  believe,  reaet$ 
favorably  on  ihe  brain  and  aids  the  reparative  proeess.  Our  best  resulti 
thus  far  hate  been  obtained  by  ihe  combination  of  localised  far aditatiom 
of  ihe  paralyzed  muscles,  generalfaraditation,  and  central  gahanizati^m 
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In  the  majority  of  cases  of  hemiplegia  the  masclcs  arc  not  so  badly 
pamlyzetl  that  they  will  not  readily  contract  during  the  process  of  genenii 
faradization.  Localized  faradization  wiLh  careful  and  special  reference 
to  tiie  motor  points  is  therefore  not  oecescary,  and  as  general  faradiza- 
tion acts  more  or  less  on  the  spinal  cord,  which  is  secondarily  affected, 
and  on  the  whole  system,  which  in  time  becomes  debilitated,  as  well  ai 
on  the  paralyzed  muscles,  it  is  well  oftentimes  to  use  that  method  in 
connection  with  localized  faradization  or  in  preference  to  it. 

In  regard  to  the  comparative  merits  of  central  galvanization,  periph- 
eral and  general  faradliation,  and  localized  galvanization  of  the  ncne' 
centres  ■"  hemiplegia,  we  should  say  decidedly  that  Ihc  latter  method — 
localized  galvanization  of  the  brain.  s)inpathetic,and  spinal  cord — is  the 
least  important.  Hy  itself  iiloiic,  unaided  by  other  methods,  it  will  ac- 
comiilish  hut  a  little.  It  comes  in  very  well,  however,  to  supplement 
other  methods,  and  may  he  used  in  connection  with  them.  The  full 
method  of  central  gaJvanization,  however,  by  acting  thorouglily  on  the 
whole  central  ncr^'oiis  system,  accomplishes  much  in  hemiplegia,  and 
may  carry  on  the  improvement  after  peripheral  and  general  far3di2ati(,in 
have  finished  their  work  and  lost  their  efficacy. 

77/»/  rt/  hfj;inmH};  Treatment. — In  regard  to  the  timt  of  beginning 
treatment  after  an  attack  of  hemiplegia,  each  case  must  be  sliidird  by 
itself.  As  a  njle,  it  is  better  to  wait  two  or  three  weeks,  until  the  active 
irritation  in  the  btain  has  in  a  measure  subsided.  The  almost  univer- 
sally entertained  idea,  that  it  is  belter  in  all  cases  to  wait  three,  four,  or 
wx  months,  until  the  muscles  have  been  long  atrophied  and  contracted, 
and  the  shoulder-pint  become  perhaps  pcrttianenlly  immovable,  before 
beginning  electrical  treatment,  is  one  of  the  most  serious  errors  of  electro- 
therapeutics.  If  proper  eavtion  be  used,  it  is  never  aece.ssary  to  injure 
the  patient  at  any  stage  of  the  disease.  Cases  that  arc  taken  early  may 
be  treated  at  first  by  exclusively  localized  faradization  ;  and  afterwards, 
when  ihat  has  accomplished  all  that  it  can  and  the  patient  ceases  to 
.jirogrcss  it  niay  be  well  to  resort  to  general  faradization  and  central 

Ivanizalion.  Electrization  of  the  facial  muscles  on  the  affected  side 
'sometimes  luaierially  aids  the  speech,  but  it  may  cause  unpleasant 
lymptoms,  aiid  in  the  early  stages  c^pucially  sliould  be  avoided.  Miid 
galvanization  may  sometimes  be  used  before  faradization  of  the  muscles. 

Accessories  to  Jileclrual  Treatment  of  Paralysis. — The  treatment  of 
paralysis  of  all  kinds  by  electricity  may  be  greatly  aided  by  observing 
the  following  rules ; 

I.  Thoroughly  soak  the  part  with  warm  water  before  beginning  treat 
meiiL     \Vheu  tliis  is  dune  a  much  feebler  current  will  produce  contrao 
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lions  and  the  coniraction*  will  be  more  aciive,  and  some  musdes  wiU 
readily  contract  which  otherwise  would  not  contract  at  all. 

The  skin  when  dry  is.  as  we  have  seen  (Electio-Physiology,  p,io8),  a 
poor  conductor,  and  in  pro[x>rtion  as  it  becomes  thoroughly  moistened 
in  that  proportion  docs  its  conductivity  increase. 

2.  Relax  the  muscles  when  the  application  is  made.  The  advan- 
tage of  the  observance  of  (his  rule  is  decided  (see  FJeclro-Physiology, 
p.  147). 

In  treating  paralysis  of  the  extensor  muscles  of  the  hand,  for  example, 
flex  the  hand  backward  a  little  and  then  relax  the  extensor  muscles.  In 
treating  paralysis  of  the  pcroiici  muscles  of  the  leg,  raise  the  foot  so  as  to 
relax  these  muscles  and  the  tibialis  amicus.  The  muscles  of  the  lliigh 
are  most  relaxed  when  the  pniient  is  silting,  and  most  tense  when  the 
patient  stands.  In  treating  paralysis  of  the  face,  draw  back  the  muscles 
of  llie  adccied  M<k  toward  the  car.  Dr.  C  E.  Ueiniold  has  suggested 
the  use  of  a  blunt,  curved  wire.  This  wire  is  placed  in  the  comer  of 
the  mouth  and  the  other  end  Is  attached  by  an  elastic  to  a  curved  wire 
behind  the  ear.  This  contrivance  may  be  worn  not  only  during  trca[> 
laent,  but  at  night,  if  it  be  not  too  disagreeable,  and  an  hour  or  so 
duriiig  the  day. 

For  keeping  the  hand  raised  in  lead  paralysis,  Dr.  Geo.  Van  Bibber, 
of  ilaltiniorc,  has  devised  a  contrivance  consisting  of  Sayre's  artificial 
rubber  muscle  connected  by  eyelets  to  elastic  bands  aftaeked  by  ad* 
hesive  plaster  to  the  arm  above  the  elbow  at  one  extremity,  and  at  the 
other  extremity  to  the  hand  and  fingers. 

Dr.  Van  Hibber  has  utilised  the  same  principle  in  the  treatment  of 
ptosis.  In  order  to  hold  up  the  lid  be  a])p1ies  a  narrow  bit  of  adhesive 
pla&ter  to  the:  forehead,  and  to  the  lid  itsclfi 

3.  Enlist  the  mental  co-operation  of  the  paiieiil  in  the  treatment.  Let 
liiu  try  to  move  the  paralyzed  muscles  at  the  very  moment  that  the  cur- 
rent is  applied.  Concentration  of  will  alone  ts  suflicicnt  to  help  par. 
alysis,  as  has  been  proved  by  actual  experiment. 

4.  Passive  moveincnts  of  the  limbs  at  the  joints,  massage,  and  mani- 
pulation of  individual  muscles.  The  joints  should  be  rotated  so  as  to 
combat  the  tendency  to  stiffness  and  the  ktieadiug  of  the  muscles  should 
be  carefully  and  thoroughly  performed,  ma^sage  and  passive  movemeots 
arc  usually  but  half  done. 

5.  Apply  dry  heat  to  the  atTccted  muscles  before  the  electricity  is  ap- 
plied, or  at  any  time  during  the  intcn-als.  This  can  be  done  in  various 
ways.  A  good  way  to  bring  a  paralyr.ed  arm  or  leg  under  the  prolonged 
influence   of  dry  lieat  is  to  take  a  common  sewer -pipe  as  sold  io  the 
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sho[><),  of  a.  suitable  size  and  curvature,  heat  it  through  in  an  oren,  cover  it 
with  cloths  and  Ici  ihe  ttiub  remain  in  it  uiuil  tlic  heut  is  dissipated.  In 
this  way  not  only  the  Torcarm  and  leg,  but  the  whole  arm,  including  the 
shoulder-joint  and  the  thigh  with  joint,  can  be  daily  subjected  to  the  ef- 
fect of  the  prolonged  heat.  This  treatment  not  only  temporarily  increases 
the  clcciromuBcuIar  contractilitj'  of  the  paralyzed  umsclcs,  but  perma- 
nently improves  the  nutrition  both  of  the  muscles  and  of  the  stiflfened 
joints.  Dr.  Charles  F.  Taylor  allows  his  paralyzed  patients  to  warn 
Iheit  paialyzcd  limbs  in  a  hot  oven  arranged  for  that  purpose. 

All  the  above  suggestions  will  apply  to  the  treatment  of  every  form 
of  paralysis.  , 

Xigkt  kaniflegia  effmtng  an  gradually.  tvitA  nuMftiat  and  teldttett  in  right  Ug  ,- 
aSiglU  aHMJtkaia  «/  rigAt  hand,  ami  etnuidentiU  atutslhtiia  o/  rtght  Itg ;  tomt 
liimtHHti^M  '»/  flettra-muuular  eentrailiiily  in  right  itg— Ciailra/giit,  iM/umvui, 
iihJ  great  mtntal  depretiioH — Important  itn^mtmuHt  undtr  gtnrrat faradisatien 
and ftripAtrai  gakvuitatictt—Sultt^ufut  renemtd  ^tatk. 

Cask  LVIL— H-mi.  Mr.  G..  «fic<J  52,  for  m.tny  years  United  Slate*  Senator, 
was  rcferreit  lo  u*  tX:ti»!»cf  19,  1S6S,  by  Prof,  .\uitiu  Flint.  During  the  cxcitCRlcnl  ol 
the  Imv^aciiniirnc  Tri.tl  the  patient,  whoK  eontlitution  wai  dways  supposti]  lo  b«  of 
the  Kirongcsi,  obscive<l  a  feeling  of  coldnrvs  of  ihe  ri^bl  Ice  '^  nictu.  This  coldnete^ 
however,  wu  nm  veiy  nurkeil,  hUiue  Itli  attention  wns  Jii>t  tailed  to  tbc  cuii4ition  bjr 
hUwlfe.  One  dfty,  while  in  Cuiit^cto.  and  iJiortly  tifler  tlic  delivery  of  his  opinion  oa 
thclmpcatrhmcni,  he  expeiimired  a  tlight  attack  oFhcinipIc];!^,  which  he  cndcArorcd 
to  walk  oR. 

Bcfotc  coming  to  New  York,  he  hod  received  the  very  petnidoin  advice  to  take 
idgoroUR  and  •cvcc  muicuUi  ncrciw.  Acting  upon  thii  ntifortunatc  lUEgcMion,  be 
had  ferioiuly  Injured  hiiiiielf  at  the  rKliauslin|;  Inljor  of  ctiopping  w^od.  lie  grew  de- 
cidcilly  wcTte,  and  becwne  exree'iintily  depressed.  Under  the  advice  ami  medicotton 
admiiii^crcd  l>y  Prof.  Flint  he  had  inrn-uiably  uiipiovcd,  aiid  al  the  lime  we  firxt  taw 
bba  there  was  a  tcndvncy  toward  recovery,  tic  compInincO,  howcTcr,  of  pcrdEtent 
iiUQinnIa,  cortKlderable  gastral^ia,  with  indigestion,  pain  in  the  lower  port  of  ttic  luck, 
and  very  great  mental  tlqite*don. 

EUftri<  Examinalikin.  — Slight  anw«theiu  of  right  hand  ;  conriilenible  of  right  teg ; 
aoiiic  diminiition  of  declro-mu^ulftr  contr«ctility  in  the  mutclet  above  the  knee  on  the 
rif^il  ude ;  no  diminulioD  of  electro- inuiculai  Kiuitiility  ;  llic  volitional  power  of  the 
aiudet  wiu  intact,  iuid  the  patient  could  walk  a  coiiuderalilc  distance. 

The  caw  demanded  a  general  tunic  ax  well  »x  raetdy  local  lre.-itni«nt,  and  we  accord- 
ingly  uied  general  faradiulion  daily,  or  every  other  day,  occ^onnlly  making  use  of 
pdvanluiion.  It  was  not  long  before  ini prove rocnl  was  manifest  in  all  the  lcadin| 
syiuptoiiit.  He  <oon  began  to  ileep  njid  to  digest  Ixticr,  and  wu  much  relieved  of 
the  luins  in  the  back.  At  the  end  of  live  weeks  the  patient  Bbondoncd  tieatmcai,  and 
•o  far  imptoved  that  in  tlie  early  part  of  Dcccnibci  he  resutncd  his  tCAt  in  CoDgics^ 
nnd  durinj{  the  entire  winter  continued  in  the  cxerciie  of  his  olBcial  duties. 

Whde  under  treatment  by  clcctrkity,  he  at  the  kame  Itme  continued  the  li«c  of  bro- 
noj'le  of  potaaiiuni  and  other  internal  remedies,  with  special  re'crcnce  lo  ibt  stomach 
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Id  the  opting  fotlowine  the  patient  vbiled  Europe,  wliere  be  vru  o^aficd  to  [4md 
in  fl  caw  at  law.  The  excitement  Ijroiight  on  a  new  ailacV,  wtiich  left  hlui  in  »  uun- 
ditiuii  or  dcspondenqr,  from  which,  however,  he  Uowly  rallkd.  He  aftcrwutlt  died 
ofanuilicr  diieasc. 

Ghsso-laryngeal  Paralysis  {Ghsso-pharyngeal  Paralysis). — The  dis- 
tinctive features  of  this  afTection  are  paralysis  of  th«  muscles  of 
Ihe  tongue,  lip^  sort  palate,  and  al<so  of  the  pharynx  and  larynx. 
There  is  dilhcufty  both  in  speaking  (especially  in  pronouncing  certain 
letters]  and  swallowing.  The  saliva  dribbles.  Food  is  soinetimes 
forced  into  the  nostrils  or  larynx.  In  the  lasi  stage  there  is  debility  and 
difhculty  of  respiration. 

Prognosis. — ^This  disease  is  believed  lo  be  surely  fatal  in  a  Sew 
months.  Faradization  of  the  pharynx  and  tongue  \%  however,  of  essen< 
Cia.1  service  in  occa:iionally  relieving  the  difficulty  in  deglutition,  and 
also  some  of  the  other  symptoms. 

Chitfi/haryngeat farafyrii  of  nine  mcnthj'  Handing —  Grral  dijimftf  in  ifeiMng 
and  rmalUiwing — Tempjr'Xry  and  Jtddtd  imprwtnuM  under  /aradisatian  ami 
gafoauuati&n  9/thi  a^ttUd  farU. 

Cksx,  LVIIl. — Mr,  K  ,  »j;l-  J  ^  j,  a  »hori,  «<iit>by.  plciinric  GcTman.  consulted  as 
M»y  18,  1867,  Willi  nnarkcJaii'.!  typical  <vmptoin'"f'rlf>«'>-p'>arrn;;eali»arulyUt.  Hit 
iiRicuhy  of  ipeech  wu  very  great,  and  any  attempt  to  read  wai  exceedingly  IndKron. 
Hit  ctfieml  difficulty  was  in  pronouncing;  ccnain  vowels,  at  a,  a.  In  eating,  partidei 
of  (ani  were  thrown  up  in  the  upper  and  posterior  pharyngeal  space,  and  litjaMs  lome- 
Itmei  were  expelled  through  the  no^rils. 

The  patient  teferred  the  beginning  of  ht«  cymplam*  to  a  very  severe  cold. 

Three  localized  faradteatloni  were  fi>1lowed  by  inanlfett  itDprovement  in  most  oftbc 
tymptomt^  and  etpecially  in  the  swallowing. 

Hny  39,  galmuzaiian  was  commenced,  and  was  continued  with  still  further  improve- 
ment hoth  in  speaking  and  swallowing. 

or  the  L<i»ue  of  the  coae  we  have  never  heard. 

Giatte  -pharyngfa!  f^ralysii,  mi/ A  hemiplegia  0/  left  side  of  three  yettrf  tiatiJing-^ 
Ckronie  ^kcryugitis — So  imfrevemenl  under  a  tkart  etmrte  of  etettritativn. 
Case  LIX.— Capt.  Oeoi^e  U  .  n^cd  S5.  con»iltcd  us  on  October  15.  iSAd,  with 
•ymptoms of  hemiplcf^ia and  i;1of.«<i-1ahial  paralyat.  Certain  lcltent,ash,  p.becouM 
not  ariicnlale,  and  conversition  vrat  a  matter  of  coUKidciahLe  difficulty.  He  coold 
walk,  hut  ncedcti  atastanee  in  ascending  uair«  or  crosaag  streets. 

The  accompanying  symptoms  were  in  every  way  disttniragins.  The  patient  wm 
partiaUy  inunc.  Nitiurotly  klrt^I  and  genial,  he  had  become  eaceolvely  irritable  and 
biCOnR'lerate  ;  wns  at  time*  impalictit  xnd  riolcnl. 

Loealiied  and  jjeneral  fArxdiMtion,  Mlempted  Tor  a  Oiort  time,  proved  nfno  iervice, 
Bt>d  the  patient  wns  not  eiicourx^eirl  to  continue  (reatment.  We  nrterwardc  komcd 
that  Ills  symptoms  gradually  became  wone,  in  spite  of  various  hjrdrogMiluc,  equaUnng, 
and  other  methods  of  cure  that  he  attempted,  and  ia  three  yean  he  died. 
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Wc  do  not  prepjme  to  say  that  the  case  ihal  immediately  follows  was 
one  in  which  there  had  been  any  decided  atrophy  of  nerve  tissue,  and 
yet  all  the  f-yniptoms  of  which  the  patient  conipliined  were  of  the  most 
})ei-sistent  And  distressing  type,  and  seemed  to  point  unntislakably  to 
structural  lesion.  If  there  was  no  decided  stnictural  change  present 
pin  the  motor  root*  of  the  upper  portion  of  the  cord,  as  the  immediate 
effects  of  the  treatment  would  seem  to  indicate,  the  case  affords  an 
instructive  illustration  of  those  purely  functional  conditions  that  occa- 
sionally bitnulate  with  such  exactness  incurable  diseases  of  organic 
origin. 

VtfUrtefvery  «fa  tmfputd tatt  tf  ghmt'taryngtat parafytis  aftkretyt&rf  ttau/' 
ing  uiuier  gatvanivitian  9/  the  nrek  and  mpfer  portien  0/  the  erf  J. 

Cass  LX. — Mr,  P..  ■  genlleman  agwl  45,  wa»»ent  toas  by  Dr.  James  Amlcrsm. 
imclhfec  y«r*  previouijy  the  patient  liidfirM  obwrv-cd  a  sliglit  scnteof  MiKteoln 
t)ie  ton^e,  k-iwciateicl  wHth  a  feeling  of  constriction  In  the  phar}^^  and  lannx.  Occ^ 
Hunully  Ills  :!pecch  bcL-dme  ihi-ck  ind  hoane  ;  MHne  wnrd5  were  pronounced  barllj:,  uir) 
Ik  ruunil  it  diJfiLutt  [oconlraci  the  lijik.  ACmch  times  partial  a^onuwuprevnl,  and 
Mrhcn  he  a1letn|itcil  (»  onverw,  the  effort  wa<>  uCloiilct  willi  «  dcj^e  of  diiconiriirt  if 
pcjn.  Vot  levpral  montln  ilieie  Kymplomi  hai)  renutined  itationaiy,  vrith  iJia 
^addition  only  of  H>ine  litlle  vrcxkne™  of  rctpiratinn. 

Finally,  hvwevcr,  lie  notiircd  mnie  Hifiictilty  in  the  2ct  of  degliiliiion,  which  in  iho 

couDC  of  X  few  weeks  m>  mariiedly  incrctiscd  u  tu  ttireaicn  sitflbcailcir).     He  dieaiM 

•very  allempt  at  eitin|[.  luid  frequenily  In  (lie  place  "f  lii»  tcculor  meal  he  would  lake 

a  onnaderahic  quantity  of  brandy,  tlie  MimulaiLng  cflecli  of  which  would  often  tentpo- 

nrily  wem  to  t«*fure  power  to  the  di-v*^   pail».     For  more  llitn  two  years  this 

patient  hail  ntlTcTcd  in  this  wny.     Althouj^  he  had  unceii<dngly  wnght  relief,  everjr 

i  method  that  he  nltempleil  ugnalty  failed  tu  nHurd  the  iligHtett  lertice.    (Jn  applying 

llbr  electrical  irealmrnt,  we  at  onirc  luhmicted  him  In  a  mihl  xfanre  of  central  galvani- 

llon,  after  which  a  current  of  somewhat  jfrenter  utenylh  wa«  at  nearly  a*  ponfbls 

tlocaUecd  tu  the  uipper  poition  of  the  cord  and  it«  motor  rooii.     Tlifv  acconiplHhtd 

aothine,  and  an  the  patient  jpive  evidence  of  Iieing  decidedly  nn^iucept ibie  to  ordinary 

elcrlricaJ  inflncnrct,  we  atiempted  at  the  mcond  sconce  to  loc&ILtc  in  ihc  mppoMd 

•eat  of  the  diieaw  a  current  from  15  ccUs,  gntdually  Increasing  it  to  Sfcelb. 

Coniiderable  ivrtigo  with  iJtght  tpasmodic  contraction  of  the  larynx  followed,  Uii- 
Ing  Kreral  minuter  On  the  following  day  he  reported  that  he  wat  able  to  cat  with 
markedly  incie»ed  comfort,  and  that  durinif  (he  intervali  of  eating  he  felt  completely 
ncovcred.  Eight  aimllar  applicmlioiis,  but  with  ^^dtully  ilecietuni;  !>trcnglli  '»f  cur- 
■  Nnl,  wer«  folh>wcd  hy  complete  recovery.  In  a  few  manthi  he  lufTercci  a  ilight  relapia 
frooi  which  he  speedily  recovered  by  a  short  coune  of  ireatmcBL  Two  yean  ban 
t'ap%d  tince  the  irealment,  and  the  patient  eonttnoex  well. 

Pafolytit  ef  Ikt  mtitxUs  »/  tkt  mck  ami  ekin  ■with  dysphagia— Hat  treatttt, 

CA5B  LXI. — Ur.  L,  aged  60,  referred  to  as  by  Dr.  E.  R.  Pco^lee,  wss  p«ralyiej 
In  the  mtuclei  supporting  the  head  and  chin ;  dynpha^ia  w»  marked,  and  legluilil^ti 
wa»  «o  much  tmpaireil  that  ealii)|>  wai  atteii<Icd  with  much  difficulty. 
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Our  ^agnorft  ms  central  letloo,  tbe  cMef  txjmadaa  of  whldi  <vu  attvpliy  of 
the  orator  rooli.  Wc  were  penniited  to  ute  the  gilvunc  cufrcnt  but  •boot  ihnc 
times. 

No  benefit  was  derived,  but  a  further  trial  nufhl  luive  tllemted  tbe  tymptotai 
Kmewhat. 

Paralysis  pf  Spinal  Origin — Parafitgia, — ^Tlie  exact  differeottal 
diagnosis  of  the  various  raorbid  conditions  of  the  spinal  cord  that  give 
rise  to  ])aiaplegia  is  ^omc■tinl»  a  matter  of  considerable  difficulty,  and 
for  these  two  reasons  : — 

I.  All  known  morbiil  conditions  of  the  cord  have  more  or  less  symp- 
toms in  common.  In  order  that  any  of  them  may  be  of  special  <1iag- 
DDslic  value,  it  is  necessary  that  they  should  be  taken  in  connectioo 
with  olher  symptoins. 

3.  Many  of  the  morbid  conditions  of  the  cord  arc  complicated  Tritli 
each  oilier,  and  the  symptoms  must  be  correspondingly  complex.  Thns 
mcninj^ilis  may  exist  with  myelitis,  and  the  term  myelitis  itself  is  a  genus 
of  which  there  are  several  species.  It  is  difficult  to  drav  the  line  where 
irritation  ends  and  congestion  begins,  and  equally  dilhcult  to  determine 
at  what  stage  a  condition  of  hyperemia  or  congestion  becomes  a  con- 
dition of  in  Ham  mat  ton. 

EUctro-Diagnosis. — In  the  early  stages  of  spinal  paraplegia  tlic  gal- 
vanic and  fnradic  reaction  may  be  normal,  but  in  the  course  of  a  few 
weeks  or  months  becomes  diminished.  In  most  of  the  cases  that  con- 
sult the  physician  there  is  diminished  or  destroyed  electro-oiuacular  con- 
traclility. 

Electro  muscular  sensibility  is  usually  more  or  less  diminished.  Elec- 
tro nnisLiilar  contractility  iSi  usually  much  more  diminished  in  tlic  severe 
forms  of  paraplegia  than  in  hemiplegia.  In  cases  where  the  po«tcTioi 
columns  are  affected  electro- anxsdiesia  may  also  exist. 

Treaimenf. — In  heiaiplegia,  as  we  have  seen,  the  electrical  treatment  is 
BubstantJally  the  same  whatever  the  immre  or  seat  of  the  cerebral  lesion. 
Similarly  in  paraplegia  llie  treatment,  so  far  as  electricity  is  concerned,  is 
the  same,  whatever  he  the  nature  of  the  spinal  lesion  on  which  the  pan^ 
plegia  depends.  Spinal  paraplegia  should  be  treated  by  galvani-tation  of 
the  spine,  and  peripheral  faradization  or  galvanisation ;  to  depend  on 
one  method  solely  is  unnecessary.  In  paraplegia  the  electro -muscalar 
contractility  is  freijufnlly  so  nuich  diminished  that  n  is  necessary  to  give 
particular  attention  to  the  motor  points  in  order  to  produce  contractions. 
Whether  general  faxadiiaiton  and  central  galvanization  be  employed 
will  depend  on  the  ge^ieral  condition  of  die  (>aticnt.  In  the  early  ot 
fnbacute  stage  the  s^inces  should  be  short ;  in  the  chAinic  stage  tbe 
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stances  may  sometimes  be  more  protracted.  In  many  incarable  casei 
the  general  tonic  effects  of  general  faradualion  alone  are  of  very  great 
service. 

Prognosis. — Nearly  all  cases  of  spinal  paraplegia  can  be  benefited 
by  electrical  treatoiem,  but  very  few  can  be  entirely  or  permanently 
cured,  Wc  may  look  for  perfect  recovery  in  some  cases  that  are 
taken  early,  and  in  casus  thai  depend  on  hysteria,  congestion  of  the  cord, 
or  exhaustion.  Cases  of  myelitis,  meningitis,  and  n  on -inflammatory 
softening  are,  as  a  rule,  but  little  benefited,  altJiough  tJiey  may  some- 
times improve  quite  rapidly  under  electrical  treatment  up  to  a  certain 
poinL 

In  cases  of  reflex  paraplegia,  however,  the  faradic  current  is  ex- 
ccedingly  ineful  in  preventing  ihe  ill  ellects  of  rust  on  the  paralysed 
mnsclcs  and  inatcnally  hastens  recovery. 

Peripfurai Paralysii.—\  true  peripheral  paralysisnianrfestly  excludes 
all  lesions  or  influences  of  a  central  origin.  The  cause  must  be  souylit 
for  in  some  portion  of  the  ncrvctract  ailcr  it  lu»  cmei^ed  from  the 
bones  that  enclose  ihe  nervous  centres. 

The  princii>al  causes  of  peripheral  paralysis  are  -. 

I .  The  aetioH  of  eoU  on  the  super fieial  diUrihuthn  of  nerves. 

a.  External  injuries. 

3.  Pressure  on  the  nene /rem  marbiA  grmcths,  et(. 

4.  DfStruetiQH  4>J  a  nerve  by  inrious  bone,  etc. 

Faeiai  Paralysis. — The  most  proiiiineat  forui  of  peripheral  paralysis  ic 
that  of  the  seveuili  pair  of  nerves.  The  symptoms  of  facial  paralysis  vary 
not  only  as  its  ciuse  is  central  or  peripheral,  but  also  according  to  the  por- 
tion of  the  nerve  affected.  Paralysis  of  the  seventh  pair  without  coinci- 
dent paralysis  of  an  arm  or  leg  seldom  results  from  cerebral  hemorrhage. 
It  may  occur,  however,  but  it  may  be  readily  distinguished  from  the 
peripheral  form  of  the  affection.  In  compUte  faeiai  paralysis  ef  peri' 
pheral  origin  the  orbieularis  palpebrarum  tnusc/e  is  paratyxed,  and 
Ike  eye  cannot  be  entirety  eleised  ;  ivhile  if  the  eause  is  central  this  mus- 
ele  is,  as  a  rule,  unaffected,  and  the  eyelids  can  be  brought  toseiher. 
In  some  exceptional  cases  a  certain  lesion  may  paralyze  the  orbicularis 
muscle,  while  occasionally,  in  peripheral  facial  paralysis,  the  nerves 
that  supply  the  muscles  of  the  eye  may  escape,  thus  leaving  it  free  lo 
close.  The  fact  that  in  facial  paralysis  of  central  origin  the  electro- 
muscular  contractility  is  nnimpaircd,  while  if  the  nerve  itself  is  the  seal 
of  the  injury  the  muscles  refuse  to  respond  to  the  faradic  current,  ma- 
tetially  aids  us  in  diagnosis. 
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Ei<ctr<hDiagH0sis. — In  litci&l  parftlysis  of  a  perifhfraJ  origin,  tb« 

farado-muscular  contractility  is  usually  diminished  or  lost ;  ga/fana- 
muscular  contractility  may  be  inereased  or  normal ;  though  in  some 
cases  it  may  be  (Jiminishctl,  it  is  rarely  lose  Facial  paralysis  is  one  of 
the  conditions  in  which  the  difference  between  the  two  currents,  in  thc-tr 
power  of  producing  contractions  of  iquscIch,  is  typically  shown.  The 
gftlvano-miiscular  contractility  sometimes  becomes  so  much  increased 
that  when  the  farado-muscular  contractility  is  entirely  abolished,  the 
diseased  muscles  respond  to  a  much  feebler  galvanic  airrent  than  is 
necca^iary  to  produce  contractions  on  the  healthy  side.  As  the  mnscles 
re&unie  their  normal  condition  under  treatment,  the  gaJvono-muscular 
contractility  diiiiinisiies. 

Prognosis. — The  prognosis  of  facial  paralysis  of  a  peripheral  origin  ts 
generally  very  favorable.  Few  forms  of  paralj-sis  yield  so  surely  as  this, 
jirnvidcd  the  electrical  treatment  be  used  with  sufficient  perseverance. 

Trmtmeni. —  Facial  paralysis  should  be  treated  by  localized  faradiza- 
tion and  galvanisation.  Wlicn  the  muscles  fail  to  respond  to  the  (ara- 
die  current  it  is  of  but  little  worth  to  use  it ;  it  ts  far  better  to  depend 
on  ihe  galvanic  current,  in  this  disease  the  current-reverser  electrode 
is  exceedingly  convcriient.  A  current  just  sufficient  to  produce  con- 
traction of  the  muscles  is  better  than  stronger  currents,  and  short  ap- 
plications aje  preferable  to  long  ones. 

Faftai  f«raty^  from  ap^urt  l^  eold—LouoffffnlraetUitytofaradie  enrremt — Im* 
fratvmfHi  nnJa-  Mi"  gahmnie  turrertt. 

Caae  LX(I. — Mi»  p..  It  «tout,  vigtiroiisyoiing  My  of  is.  wusent  to  us  by  Or.  F. 
Klliol,  to  lie  treated  for  paraly^U  or  tho  seventh  piir.  on  the  left  *i4e,  cauvd  hy 
cKposurc  lt>  a  iltftught  of  &ir  two  months  previoa-v  The  paral>lic  symptoms  cftme 
on  midilenly  oiul  m  full  force  iiuiuL-JiaCcly  iXXct  the  exposure.  And  At  first  tbt  txptti- 
encei  comtdcraiile 'HfTiLnlty  in  i{i«akiiig. 

Slie  giailuaLly  became  vt  itr<-uu omril  to  the  almormal  camlition  of  hci  !ip«  ntul  faca 
thai  «he  was  able  10  converw  Almosc  as  clearly  as  beroTe  ;  but  the  improTcmmt  in  (hi ' 
condition  of  the  panlyred  miudet  was  very  slow,  and  ni  ihc  tiini;  f^he  c«mr  lo  us  tht 
a/rec-tion  appeared  to  be  almoil  (tatioaary.  At  Che  time  ilie  received  the  Arst  tfipU- 
cation  at  our  hands  (Aug.  i.  186a).  ihe  presented  most  of  Ihe  usual  syinptonii  of 
paralfsis  of  the  leventh  pair. 

Her  moQth  wa«  drawn  over  Covrards  Uie  healthy  AAt  w>  violently  u  to  produce  con- 
tii1c*a'<lc  ilefonnity  wh>cn  the  laughed  nr  converged,  and  ci'en  when  the  wnllcd.  Wbei 
ihe  attempted  to  frown,  the  lei)  brow  remained  ai  smooth  as  that  of  a  cltild. 

Her  lel^  eye  rolled  up,  and  when  she  attempted  to  dose  it,  the  lidi  would  not  ap- 
proach Dearer  llian  one-(]uat[er  of  an  Inch  to  each  other.  \  powerful  faratlic  carrcnt, 
localsed  in  the  affected  inutcles  producwl  vwy  fceV''t  ■  imperfect  i.TOTlracti«n*  : 
while  00  the  Bound  »idc  a  very  miLd  current,  applied  wi  _  the  hand,  produced  octivt 
contraction!  of  all  the  principal  muKlcSk    The  patient  «u  ta  well  in  all  other  reipecti. 
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thftl  we  decided  la  ttse  only  pvlUl  or  lucAliicd  dccCtKAlion  over  aD  the  muscia  oi 
the  IcFC  tide  of  the  (ace.  Twa  vigaroux  application*  mad«  ia  Ihii  way,  one  dcctroile 
being  placet!  firmly  in  front  of  the  eai,  and  the  other  puuMsl  over  tbe  mniAcAlioiM  of 
Ibt!  seventh  pair,  a*  well  at  over  the  individual  mutdM,  did  not  Kcm  to  incroauw  to  any 
oppreaaLile  extent  tlte  elecltu-iuuKuljLr  i^ontiactUity,  aud  aoGorclingly  we  molved  to 
ftdopt  an  entirely  diflcrcat  mciiiod  o[  warfare 

The  next  time  we  lottUaed  ihe  galvanic  cunrcai  ihrongh  the  left  Etde  of  the  face, 
and  with  the  bc»l  remlta.  Contractioni  of  the  paralyieil  niiucio  were  U  once  pro- 
duced Ihal  were  a>  vi^rous  and  at  nalural  aKlhoK  cauvd  by  the  faiadic  current  on 
tbe  iKallhy  kidc,  aiid  by  a  ctiirenl  ttiat  had  no  effect  un  the  hcalllty  aide. 

The  patient  t>egaii  at  once  to  improve,  and  after  ten  visitt,  iliHtributed  over  a  period 
of  sin  wc«k(,  the  waa  dismissed  as  approumately  cured.  There  *liU  rwmained  tomt 
de&dcitcy  of  aetiuii  of  the  inuwles  cuitccmed  Ld  ftowniug  and  in  winking  but  llie  ex- 
prescion  of  her  face,  both  in  reptuc  and  in  conreraition,  was  nornuL 

The  interesting  points  In  this  case  are  lliese  :— 

First. — The  galvanic  current  pruiluced  cuntractioiis  and  wrought  a 
cure  when  the  induced  or  faridic  uUerly  fiuled. 

Sfccnd. — The  ^jaralyzed  miwcles  were  at  first  brought  to  contraction 
by  a  galvanic  cnrrynt  that  kfui  nn  effrcl  whalct'cr  on  the  muscles  of  the 
healthy  side.  As  the  patient  improved,  however,  it  became  necessary 
to  nsc  a  stronger  galvanic  current  in  order  to  produce  the  contractions. 
Towards  the  clost!  of  the  ircatincnl,  the  muscles  of  iJie  jjaralyzed  side 
began  to  rei^pond  to  the  faradic  current. 

That  the  faradic  current  may  somcttnies  work  well  in  facial  paralysis 
is  shown  by  the  foUowing  case  : — 

PartitU  faraiyiii  o/  the  rigM  liJe  of  iMt /ate,  with  €V—trafli«H  o/  wnutUs  /oiiavMng 
natralgia — Affroximatt  rtnvfry  under  loealtud faradiutti»m. 

Cask  LXI II. —Miss  J., aged  40,  came  to  u«  in  the  early  pan  of  Scpiember,  1S68, 
lu  be  treated  for  a  f^ial  paralysis  of  a  pccuUu  cliatacter.  Her  face  wa>  drawn  to 
right  lide,  w  tli;tt  tier  feature?  were  very  mu'cli  ili>torlcd.  We  at  fint  «uppi»eil, 
1  very  naturally,  (liat  the  ease  was  one  of  paralyus  of  the  seventh  pair  of  the  Uft 
nde,  Inii  a  mvre  careful  examination  l«l  us  to  modify  our  diae"^'^ 

Her  hi&tory  was  as  follows  1  Several  years  before,  while  occupied  in  a  day  andnicht 
attendance  at  the  heddde  of  a  sic^  friend,  she  was  suddenly  at  tacked  with  severe  facial 
neuralgia  of  Ihe  right  tide,  (hat  continued  to  annoy  her  for  two  months.  The  diw:asc 
then  atialed,  but  unce  that  time  she  hud  been  frcquailly  liarau«d  by  pcrtiatciit  num^ 
n^t  in  tbe  right  arm  and  hand. 

On  iocalimf  a  strong  bradtc  current  thioufb  the  mnadct  of  the  It/t  dde  of  tlw 
face,  powerful  contiactiona  were  exdled.  On  the  right  side  no  tuch  dlecl  could  bs 
prodnced. 

Furthermore  her  right  eye  was  nearly  closed,  owing  to  a  partial  ptotu,  and  while 
ibe  could  easily  frown  and  cormgalc  llic  left  brow,  tile  r^M  was  entirety  smooth  and 
expccKUonlew.  It  wm  very  evident,  liolh  from  llie  history  of  [he  cbjc  a:id  fri^m  <yin[> 
tomi  at  the  time,  that  tiw  right  side  was  paialyicd,  and  not  the  Icfi,  as  at  &isi  ap 


470 


PARALYSIS. 


peu«d,  ami  that  the  face  was  dnwn  tomrdi  the  il^  by  the  contrutiou  cf  the  mut 
tUt  foUamiMg  Ikt  faralyttu 

Trou!tMau  liu  dcKtibed  ihli  coodlliun  to  accwRtdjr  thai  we  quote  hbown  Unguagv 
aa  it  a)]|icAr!(  in  the  trmnalation  of  Boiairc' 

Afin  lelallng  the  (ymptomt  of  a  paiimt  Buflcring  from  paralyss,  he  Mfs:  "If 
left  facial  paraly&is  wa«  thuui^hl  of  at  firtl  uglil,  ilie  dcpreiaoD  of  the  lower  lid.  uul 
llie  Icto  inacU'Cd  expansiou  of  the  nuscril  on  the  right  side,  were  already  sufficient  to 
cstue  A  moO  ill  cat  ion  of  the  diagnoti&  But  when  the  patient  attempted  Co  move  that 
tide  of  her  fofe  there  could  no  longer  be  any  hesitation,  and  it  twcatne  manifest  that 
li  wiu  the  right  nde  which  w*9  tfllEcted.  When  sl^e  apoke,  and  still  more  when  sbc 
laughed,  her  face  wa*  pulled  with  force  to  the  left,  the  upper  lip  and  the  ala  na^  oa 
that  tide  going  obliquely  upwards,  and  the  labial  coinmisEure  being  drawn  with  con- 
udcrable  energy  upvrardft  and  outwards.  Wbea  the  aitetnpted  (o  blow,  faer  left  check 
swelled  and  her  rauulh  remained  closed  on  that  tide,  whilst  h«i  rieht  check  ww  flaccid 
and  her  mouth  opened  out  a  little  on  that  side  Bcudcs,  she  could  not  shut  her  ri^ 
eye,  howctcr  much  *hc  tried," 

In  thit  case  we  liMd  only  the  faradic  current,  lomlixing  the  electridty  a>  ncmrly  as 
pOMible  Alon£  the  coarw  of  the  portio  dnra  and  iti  ramificalionx  To  accarapltt.li  tlui 
the  Mnall  punitive  electrode  wai  |irei«ed  finnljr  an  the  [Kitnt  where  the  nerve  emerge* 
from  the  temporal  bone^  while  the  negative  wu  moved  along  its  wious  lerminal 
branches. 

Ko  particular  remit*  were  obtained  from  the  fint  Bi>pUcsittoa,  but  during  the  second 
visil  flight  contractions  were  produced  on  the  right  side,  and  it  w<u  then  noticed  thai 
the  ey«l)d  did  not  fall  ki  low  ts  before. 

In  tlic  couiw  of  a  few  days  the  patient  again  vintcd  u»,  when  the  impruvement  «ras 
i|uile  marked.  There  wai  oonMileraUe  tclazalion  of  the  cuiitr:icled  mu*cie«,  and  the 
elvciro-mtuculnr  coiilnictility  wni  readily  deraanit rated.  At  the  fourth  visit,  which 
occurred  about  two  week*  from  the  commencement  of  Ircalmmt,  the  ptos't  wai  hartUy 
BOliccablc,  and  the  po-ner  of  corrugating  the  occipnto-fnintaLU  on  the  right  ^de  ytas 
perfect.  There  Mill  remained,  however,  some  distortion  of  the  fuiiirc^  owing  tu  the 
olMtinate  nature  of  the  muscular  conlrActions  *nd,  although  she  suluc[|nently  received 
qistle  a  number  of  appiioattun^  llic  cantiactiun  was  nut  M  entirely  divapaled  *s.  were 
all  the  other  symptoms. 

Fa€iai parab/iii  txUliHg  thrtt  ttittkr—fmnitHiaU  tjftcts  of  faradhatiom. 
Case  LXIV.— Mr.  C,  aged  3S«  *  patient  of  Dr.  Joseph  Worsier.  had  been  aT- 
flicted  fur  three  week*  with  paraly^s  of  the  <«renth  pair,  in  the  right  ride. 

The  patient  complained  of  a  peculiar  tingling  and  occanional  numlincfis  in  the  bands 
aitd  feet  that  we  ivgarded  «  «n  indication  of  slight  central  diMurliance.  In  all  other 
respects  his  health  wai  escellent.  A  local  application  uf  the  farailic  current  resulted 
in  immediate  benefit,  and  two  more  ^^aoces  were  fmllowcd  by  approximate  recovery. 

Paralysis  from  Pressure  and  G?A/.— Paralysis  BOtuetinies  occurs  from 
pressure  on  the  nerves  of  the  arm  during  slecji,  and  most  frequently  in 
persons  who  are  intoxicated. 

Paralysis  of  the  arn-  may  also  arise  fVoiii  the  pressure  of  a  board  or 

any  other  hard  object  under  the  arm.    It  may  also  be  caused,  like  facial 

*  Lectures  on  Clinical  Medicine,  Part  II.,  p.  33a. 
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paralysis,  by  exposure  to  cold.     Paralysis  may  arise  also  from  the  pres- 
sure of  the  foetus  in  parliirition. 

All  these  forms  of  iwripheml  paralysis  may  be  treated  by  electricity, 
preferably  by  the  galvanic  current,  and  with  curative  results,  unless  the 
n,cr\'c  be  too  severely  injured. 

fiarafytit  of  murtltt  of  right  thigk  ;  appartnttf  proJuftJ  by  rxftmrt  to  ntd—An' 
m$tkttia — tvtfrffotmtHt  tinJer  gahani»aii9i* — ItKreate  in  tiu  £/  limi. 

Case  LXV.— Mbn  F.,  a|fctl  about  20,  fmt  ubien-al  a  ili^ht  pain  tuxt  Korenes  Is 
the  mtudca  uf  tile  right  thigh,  that  ceadily  yicliled  to  a.  (cw  applic.iiioni  <>r  ihe  faradic 
cuirenl.  Fire  monlh»  »iib«ernicnlly,  ftftcr  wvcral  hours'  eK|>owre  to  cold  uitlwd, 
tbc  experienced  comidcisUe  pain  in  the  iltshi  llnnb,  and  alw  a  maikal  cic^rcc  of  vtiff- 
acss,  l2iai  clisA]i[>ea.rM  lemporsrily  after  walkiAg  a  few  tiiuca  arouixl  the  luom. 

In  It  few  dtj-i  the  piUn  extended  to  fhe  hip  atkI  involved  the  whole  limb,  -which  soon 
hecAfne  completely  piraljricd,  and  for  ivfo  vctki  •Jie  suflercd  cxcaaive  pain  both  day 
•nd  nii-hl.  Three  lounlln  talcr,  when  it  w»  deciilt^  that  the  patient  should  bo 
treated  bjr  electricity,  die  was  ahlc^  mavc  about  the  how  with  the  aid  of  cnitchai^ 
although  Ihe  limb  temained  aLmcnt  perfcclly  jiowerle«. 

TbcaiumhcMa  over  the  quadriceps  uiukilc  wai  very  decided,  the  UESthenumctei 
pruduciiig  two  iin[iieMiucis  unly  when  iu  i^inu  were  KCpualeJ  four  inches  and  the 
dcciromuKuliu'  cantraclility  was  ei)iirely  absent  m  all  the  csicrnil  or  xurfaoe  ncuclM 
at  the  tbigh  and  in  a  portion  of  the  leg.  Tbc  thich  had  atrophied  to  the  extent  of 
an  inch  and  one-half. 

Ten  applicalionn  of  the  taradii;  current  entirely  <:n«ipated  the  iini»thc^a,  10  Hint  it 
waancceuary  to  leparale  Ihe  icsthesioincter  but  threc-<iiiarter«  of  aii  inch  in  order 
that  two  iiu[>rcMi<ji»  migbt  be  tcccivcd. 

The  Mine  current  partially  rcxotcd  alw  the  electric  cuntracttlity  of  ilic  dJ'^-atH 
muiclct ;  but  it  wsu  not  until  a  ^o/raifw  eurrent  of  conUdtirablo  iiuenMiy  was  ero- 
plo)rcd  a  number  of  limes,  that  they  responded  healthfully  to  its  influence. 

The  faradic  current  was  again  rewttcd  to  and  pciiistently  UM-d  for  tevcral  months. 

The  limb  gradually  incrca-ted  in  strength,  so  that  she  wo*  able  to  -ivulk  readily  with 
the  ud  of  a  can&  It  incrcA&ed  also  in  »iu,  so  that  aronnd  the  thi^h  it  measured  but 
otic-i)u>r(ci  uf  an  iiidi  IcM  than  the  sound  limU  Tiaie  alone  can  tell  whether  shi 
will  ultimately  regain  catnplete  conlrot  over  tiic  dtieaiad  member. 

Camfltte  faralyiis  of  Ikt  /ttxort  and  fxtentart  of  the  wrlrf  and  fitgtrj,  eatutd  if 
ftuturt — Cured  fy  tkrtt  lixal  affiieatimi  of  thtfaradie  mrrent. 

Case  LXVl.— Mr*.  P.,  a[[ed  30,  was  kiilTcrinf;  from  conipleic  parulysis  of  the  ck- 
tcHMrs  and  Bcxort  of  the  wrinl  and  tlie  right  arm.  Eight  weeks  Iwfnre  «he  bad  held 
her  Ulllc  child  m  her  arm:i  all  of  the  day.  The  right  arm  was  of  course  used  the  mott. 
In  the  evening  she  fcU  aUcep  In  a  lockintC'chair,  with  nearly  ilie  whole  weight  of  the 
child  resting  on  the  right  arm.  In  the  course  of  an  hour  she  awoke,  10  find  the  wrist 
and  Angen  paralyzed.  No  improvement  bad  been  manifest  in  the  condition  of  the 
I^rta  tip  td  the  time  we  saw  her. 

The  tinncs  below  the  wri^l  were  deddedly  aiueMliellc,  but  electro- muscular  con- 
tractility was  little  impaired.     Three  local  applications  of  the  faradic  current  alone,  in 
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Lha  ooiine  of  five  lUyi,  dis^pated  the  numbnes,  and  m  itoftoiti  the  member*  th«l 
the  could  wrilt)  cue  move  the  Angers  and  wTi:tt  in  every  naiurai  direction.  Tlic  tw- 
cuvcry  bccuiie  cwmpktc  in  «  week  or  m  witliout  IwLbci  tre>(nieaL 

CaUrijie  Parnlysis. — Under  this  licad  Bcnedikl  records  a  case  of 
paralysis  caused  by  the  contact  of  glowing  hot  iron  with  the  skin,  at  a 
point  Dear  the  radial  nerve.  Tlie  nerve  was  not  directly  injured,  but 
paralysis  with  anie»lhesia  ensued.  The  patient  recovered  after  a  num- 
ber of  attings.    Both  galvanic  and  Taradic  currents  were  employed.* 

Rrflix  ParaJytis. — Under  this  head  arc  included  those  peripheral 
paralyses  which  arise  by  reflex  action  through  the  central  nervous  sys- 
tem, from  Eunic  remote  part  uf  the  body.  Some  of  the  cases  of  general 
paralysis  of  all  tlie  exireuaities  are  of  this  nature. 

Paralysis  that  arises  by  reflex  action  niay  remain  long  after  the  mor> 
bid  condition  that  caused  it  has  entirely  disappeared. 

T^M/Mif/i/.— Localized  faradization  or^alvanization  is  required  in 
this  form  uf  paralysis.  This  treatment  ttiould  be  directed  not  only  to 
the  paralyzed  muscles,  but  also  in  bome  cases  to  the  disea&ed  pan  bom 
which  the  paralysis  is  reflected.  In  doubtful  cases,  general  fatadizatiua 
and  central  galvanization  may  be  tried. 

Prognosis. — This  is  much  more  favorable  than  in  paralysis  that  dl 
lectly  proceeds  from  organic  disease.     Eveiything  depends  on  the  n«- 
ttire  and  locality  of  the  irritation. 

TjffUtti  €tut  of  templtU  rffirx  faralytit  of  fke  ifoentk  fair  m*  til*  right  side  of  tk* 
f*€t,  fiUawing  tevtrt  fimra/^ia  ef  tht fifth  fair  tn  tkt  tame  ride. 

Cask  LXVU. — The  patient,  aUulya^etijo,  wincweekiiiTcviouiIy,  bwl  eipericaccd, 
in  the  fifth  [uir,  an  atlock  uf  sharp' uliaoling  jiain'^  <i(  f>i  mnrc  than  ordinAry  Bcvcriiy. 
wu  follnu'c^]  in  (he  L'oursc  of  t««lv«  liuurt  by  symptoms  of  IthcbJ  parailyaa,  which 
gradually  incira^  until  ihe  luu  u!  powci  wa«  almost  complete. 

Tbe  musclet  re»|)on(!!ed  tu  the  liillueiice  of  faniJiiatiun,  l^ul  there  wn*  ■  mantfevl 
decreoie  of  the  elect iM-itiuKulmr  coii  t  cacti! it y.  Thiee  upplicatioiu  uf  the  faradlc  cut- 
lent  to  die  affctled  h<Ic  completely  ret-lorcii  the  uoaLCRctile  power  of  the  muwk^ 
thiee  umilar  appljatioiu  removed  the  paral)m 

Jl^/Ux  farafyfii  aftAt  Ufl  arm,  apfarenfiy  fnrm  nfuratgia  of  skart  dttrattfim— 
Rt^nxry  undtr  localited  attd  gencrai faradimtiiM, 

CAS*  LXViri. — Mr*.  W.,  :^ed  31,  cuniultcd  us  I-'cbruaty  1,  1867.  She  vat  Ml f- 
ferinji  from  general  neuralgia,  which  wa*  especially  localiied 'la  the  left  ann.  Appe- 
tite, dii^esiion,  iud  tleep  were  all  poor. 

There  «u  puralysix  nearly  complete  of  the  lef^  arm.  We  bewail  tre&tniect  bj-  gen* 
cral  arkd  localitcd  [arwltution.    In  one  week,  after  three  utiiogs,  the  pualyiisdjuip- 
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fwarad.  Trtttmat  hj  geaeni  fiundjwlioo  wu  ■abHqaeatly  ccndnned,  for  the  p«r> 
pow  of  niuag  the  tone  of  t&e  irystem. 

^{;f«r  fBTttfytu  ofjixtt  montkf  tUmdit^ — ApfroximaU  rteavtry  umdtrfi/ttn  affU 
eattatu  of  tktfaradie  atrrait. 

Cask  LXIX.  —Miss ,  aged  about  30^  an  iaaute  of  the  N.  Y.  State  Woman't 

lioapital,  was  afflicted  with  uterioe  displacemeat,  and  finally  was  piosinited  by  a  le- 
vere  attack  of  ceUnlitia, 

During  and  after  recovery  from  thik  illncia  tha  patiatt  compUmed  of  ■"rfhHi 
and  tingling  in  both  feet,  together  with  a  decided  loa  of  motor  power.  These  lymp- 
ttMms  were  persistent,  and  for  five  month*  the  patieat  wu  able  to  walk  but  vety  diwt 
distances  and  only  with  great  difficulty. 

On  csamination  with  the  fiuadic  current  it  was  found  that  the  electro-muicnlar  con- 
tractility was  somewhat  impaired.  Faradintion  of  tha  lower  portion  of  the  back,  the 
lobs  and  the  legs  wu  employed,  with  the  obwmdcfibct  of  at  once  increasing  the  con* 
tract  ility  of  the  muscles^ 

Twdve  i4>plications  so  iiiq)roved  her  conditioo  that  ilia  neoaeded  in  walking  two 
■Um  without  inilfr"g  czfaaordiiiary  fatisne. 


CHAPTER  XXI. 


LOCOMOTOR  ATAXIA — POSTERIOR  SPINAL  SCLEROSIS. 


In  regard  to  posterior  spinal  sclerosis  we  have  these  reniarlcs  to 
offer: 

I.  The  great  exciting  causes  of  the  disease  arc  exposure  to  wet  and 
cold,  mechanical  injury,  and  syphilis.  It  is  a  fact  not  thoroughly  ap- 
preciated by  the  profession  or  by  the  people,  that  it  is  as  possible  to 
take  cold  in  tlie  cord  as  in  the  lungs.  Cold  in  the  cord  manifests  itself 
just  as  cold  anywhere  else  manifests  itself, — that  is,  by  congestion  ;  and 
if  the  colds  are  repeated,  the  congestioti  becomes  a  fixed  condition 
that  is  not  easily  resolved,  and  in  time  may  go  on  to  the  condition 
Icnoun  as  posterior  spinal  scleroiiis,  or  locomotor  ataxia. 

The  connection  between  this  stntctural  lesion  of  the  cord  and  ex|)A- 
iure  to  wet  and  cold  is  not  alwa}*s  directly  apparent,  is  but  rarely  sus- 
pected by  the  patient,  and  almost  never  inquired  into  by  the  physician, 
partly  because  of  its  remolencss,  and  partly  because  the  professional 
mind,  at  least,  has  been  diverted  in  the  direction  of  sexual  excess  ai 
the  one  great  cause  of  ataxia. 

The  mechanical  injuries  that  most  frequently  give  rise  to  sclerosis  of 
the  cord  are  severe  blows  and  falls,  or  the  shock  of  accidents  of  almogt 
any  kind.  It  is  not  necessary  that  tlie  injury,  whatever  it  may  be, 
should  be  received  on  the  s^iine  or  head,  in  order  to  cause  symptoms 
of  ataxia.  A  violent  concussiou  from  any  injury  that  is  directly  I'clt  on 
the  arms  or  legs  may  have  the  same  eflcct  as  a  direct  injury  to  the 
back. 

3.  The  cord  is  predisposed  to  take  cold  by  any  causes  that  tend  to 
exhaust  ic.  Among  the  more  prominent  of  these  causes  are  lottg 
marching  or  violent  and  wearying  muscular  exertion  of  any  kind,  espe. 
cially  of  the  sort  tliut  draws  heavily  on  the  lower  part  of  the  cord,  ex. 
cessive  intellectual  exertion,  and  sexual  excesses.  The  two  latter  pre- 
disposing causes,  excessive  intellectual  exertion  and  sexual  excesses, 
operate  tar  less  frequently  than  the  purely  physical  causes. 

3.  In  regard  to  the  supposed  influence  of  sexual  excesses  on  ttiii 
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dtsea&e,  the  orofession  must  revise  its  opinion.  That  sexual  excesses 
ooostitute  an  important  factor  tn  the  causation  of  nervous  diseases 
iim<it  be  admitted,  but  it  is  not  structural  so  much  as  functional  dLseasM 
that  ihcy  excite. 

One  plausltjle  reason  for  suspecting  that  sexual  excess  is  the  causft  - 
of  ataxia  is  foxind  in  the  unnatural  sexual  desire  that  so  often  precedes 
thi;  ataxic  symptoms.  The  increase  of  desire  naturally  calls  the  atten- 
tion or  the  patieot  to  the  sexual  organs,  and  almost  compels  a  certain 
amount  of  abuse;  and  when  questioned  concerning  his  habits,  it  is  no 
marvel  that  he  recalls  and  confesses  his  recent  experience  in  this  re- 
spect. Now,  this  increase  of  sexual  desire  is  often,  if  not  always,  the 
^(frf  of  spinal  congestion,  by  which  the  cord  is  rendered  excessively 
active  ;  it  is  a  sign,  not  of  health,  hut  of  disease.  It  is  hot,  however, 
nor  is  the  abuse  which  it  invites,  the  cause  of  the  degeneration  of  the 
cord  into  whidi  congestion  leads. 

The  most,  then,  that  can  be  said  of  sexual  abuse  id  its  relation  to 
ataxia,  is  tliat,  by  weakening  the  cord,  it  may  in  certain  teniper.-unenls 
prepare  the  way  for  colds,  mechanical  injuries,  or  perhaps  for  syphilis, 
to  enter  in  and  take  possession. 

4.  It  is  more  frequent,  so  far  as  we  can  leam,  in  the  North  than  in 
the  Somh ;  cold,  damp  climates  favor  its  development.  In  the  early 
stages,  long  residence  in  tropical  or  subtropical  regions  is  worthy  of 
trial. 

5.  It  is  very  often  complicated  with  congestion  and  sclerosis  of  the 
anterior  column.  The  neuralgic  pains,  of  which  so  much  is  said,  do 
not  appear  in  much  more  than  half  the  cases.  We  arc  not  yet  able  to 
say  wliether  they  are  a  good  or  a  bad  symptom.  One  thing  is  sure, 
the  worst  and  most  obstinate  cases  we  have  yet  seen  had  no  neuralgic 
pains.  Another  point  equally  true  Is,  all  the  characteristic  neuralgic 
pains  may  exist  in  those  who  never  have  ataxia. 

Elecira-Diaxncsis. — The  electro-muscular  contractility,  or  at  least  ir- 
ritakility,  may  be  normal  or  increased.  This  fail  distinguiihtt  iceomo- 
tor  ataxia  /ram  ordinary  paralysis  of  motion  depending  en  anterior  or 
spinal  sclerosis,  in  which  the  electro-muscular  contractility  is  usually 
diminished.  The  electro- muscular  contractility  may,  however,  be  di- 
minished in  certain  forms  and  stages  of  posterior  spinal  sclerosis,  01 
when  complicated,  as  it  may  be,  with  anterior  spinal  sclerosis  or  with 
hysteria  or  general  congestion   of  the  cord,  or  of  the  membranes. 

Prognatis. — The  prognosis  of  this  disci-se  under  electrical  treatment 
alone,  or  in  combination  with  drugs,  may  be  thus  generally  stated  :  A 
very  small  proportion  of  cases  apparently  recover;   a  considerable 
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number  Are  very  greatly  benefited  in  all  the  leading  Bymptoins  ;  about 
the  8ame  number  arc  but  slightly  benefited ;  and  in  a  few  cases  abso- 
lutely notUing  is  accomplished. 

The  pro|ionion  ofabt^ulute  cures  is  so  small  that  there  is  a  natural 
.leniplaiion  lo  doubt  the  diagnosis  or  patlmlogy  of  any  re  ported  cure. 
The  cases  liiat  are  brought  on  by  mechanical  injury,  especially  by  con- 
cus»oa,  offer  the  best  progDosis ;  and  this  is  true,  we  believe,  of  other 
nervouii  dii>order».  The  cxplanatiijn  would  appear  to  be  that  the  dis- 
ease excited  by  concussion  is  of  a  temporary,  and  coraparaiivcty  tran< 
sient,  <:haracter,  and  the  character  of  the  lesion  is  tar  less  severe  than 
in  those  cases  that  come  on  slowly,  through  long  years  of  incubation. 
In  our  observation  the  most  satisfactory  improvement  has  been  in 
those  cases  of  ataxia  tKat  were  brought  on  by  concussion.  This  ii  also 
true  of  paralysis  in  general,  excepting,  of  coui&e,  those  cases  where  the 
spinal  cord  is  directly  and  seriously  injured. 

Most  of  the  publi^ied  statement!)  in  regard  to  the  progno&is  of  the 
disease  under  electricity,  as  indeed  under  any  other  form  of  treatment, 
must  be  received  with  great  caution.  Many  of  the  physicians  who  re. 
port  the  cases  have  pc!rhaps  never  before  seen  a  case  where  they  made 
the  diagnosis  of  ataxia,  and  iu  itie  instance  that  they  publish  there  is 
much  probability  of  deception  ;  and  this  probability  is  increased  if  the 
patient  perfectly  and  permanently  recovers.  Hysteria  comes  in  to 
complicate  the  diagnosis,  and  some  of  the  rejKirtcd  cures  have  been, 
without  doubt,  of  an  hysterical  character.  Spinal  congestion  is  very 
often  inistalcen  for  spinal  sclerosis ;  the  symplcins  run  Into  each  other, 
and  the  fomier  in  some  cases  leads  to  the  latter.  But  spinal  conges- 
tion is  relie^'able  and  curable,  while  spinal  sclerosis  is  rarely  so.  Some 
of  the  supposed  cures  have  been  very  likely  siujply  remissions  in  the 
course  of  the  disease. 

Trtatmenf. — Ataxia  may  be  treated  electrically  by  a  combination  of 
several  different  methods  of  electrical  application  :  Galvanization  of 
the  spine,  central  galvanization,  and  general  faradization  when  cere- 
bral disturbance  or  general  ataxia  of  the  nervous  system  appear ; 
galvanization  of  the  cervical  sympatheltc,  and  peripheral  faradization 
with  sjxinges  and  the  metallic  brush.  All  these  various  applications 
may  be  made  with  weak  ur  strong  or  mediuin  currents,  according  to 
the  wants  of  cacli  case. 

We  have  found  good  results  from  amply  treating  tEie  leading  symp- 
tom,— the  anaesthesia, — without  any  special  reference  to  the  cord.  We 
do  this  by  means  of  the  metallic  brush,  or  by  a  finely-pointed  metallic 
electrode,  making  the  application  over  the  feet,  legs,  arms,  and  all  parts 
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of  the  body  ihat  are  anfiesdictic.  The  end  juBtifies  the  means.  We 
have  found  more  goorf,  in  some  cases,  from  this  method  than  from  gal- 
vanization  of  the  spine  and  all  the  other  method*  combined.  When 
the  aosesthesia  is  profound  and  jjcmiancnt,  currents  of  great  strength 
arc  sometimes  not  only  not  disagreeable,  but  positively  agreeable. 

In  recommending  this  method  we  do  not  recommend  exclusive  reliance 
upon  it ;  it  is  to  be  used  in  allernalion  with  the  other  methods  of 
which  we  have  spoken.  It  should  not  be  forgotten  thit  lh<.-  reflex  ef- 
fect of  powerful  peripheral  faradization  on  the  cord  may  be  of  grt-atcr 
service  than  galvanization  of  the  spine- 

f\i$Urtt^  t/finai  sfler^iu — Conenstwn  a/lkt  tfiint  eamfiliea/rJ  with  attaeti  e/  apkm- 
fi/i  iinJ  v>ttpittg^ytry  tiatttiiil imfirmftmeiH  Htiter gafvamMtioM  eftht  tpintani 

nilraSt  I'f  sUvtr. 

Casi  LX.V.— Dr.  X.iam-crticAl  gentleman,  over  70  yean  of  age,  WM  hronght  loin 
November  ^  1873.  by  IJr.  Corey.  Aboul  six  monUit  before,  t)i«  doctor  iitviJertuok  lo 
{ci  on  ft  ur«eI>ctLr,  bui,  ihe  Iroii  support  being  It^ote,  he  dipped  and  fcU  on  his  hi;)  ud 
Iq;,  ani]  for  lhi«  he  was  treated  Gureically.  Me  was  laid  up  with  the  injury  to  ilie  )«(; 
and  tiip  for  wme  weeks.  Cenain  ncrvons  symptoms aUo  began  to  appear  after  a  frw 
weck.i,  t»ii  Ihey  were  not  rererred  ta  any  injury  of  the  cord,  and  spinal  scleroris  wu, 
very  naturally,  not  suspect oi,  l>r.  Corey  had  made  the  Hitgnass  of  degeneration  of 
the  curd  bcfurc  Iirin^inij  him  tu  u>,  anil  tliis  diojpiOMi  corresponded  with  our  own. 
The  patient  had  3  >tiff  and  uncertain  gait,  and  could  not  Inm  round  quickly  wiihoiiC 
faltinu,  nnr  vtand  siil!  when  his  eyes  were  closed..  A  Mrnnge  complication  was  occa- 
tional  att»cVs  of  utter  laubiliiy  to  s}>eak.  accompanied  with  suffuHou  of  ilie  face  and 
tfacrlding  of  teariL  Tliese  cnme  oa  under  any  special  excitement,  wid  luteil  rrora  one 
Lo  five  niinu1e& 

The  aueUhcua  and  AitAigttia  of  the  lower  limM  were  profuand,  and  etectro-sen- 
tibllity  wa«  but  iligftt ;  but  there  wai  no  Ian  of  dectro-mutculor  conlracCiliCy,  and  no 
motor  diiliirbance  whatcYcr.  There  wm  nl*o  ■  deficiency  of  the  »en«e  of  pfe*«ire, 
a«  iiulicaled  hy  the pittmftfr.  At  night  there  wa$  great  |).iin  in  the  bai^k,  with  a  aen- 
Mlion  of  numtjne«  th.it  often  (.•ampelle-l  him  to  Ti«e  and  walk  the  room. 

As  the  p^ftient  vnw  entirely  well  at  the  lime  of  the  accident,  and  as  the  symptom* 
of  AderoaiB  followed  or  at  leaiit  began  to  appear  a  few  wceki  after  (he  accident,  and 
ai  t  here  waa  no  evidence  of  espowrv  of  anjr  kitid,  it  was  deuly  a  case  of  tratmutit 
ataxia. 

The  caae  was  lulHequently  broughl:  into  coart,  in  order  lo  collect  dBmogcit  of  the 
railroad  company,  and  wai  decided  in  favor  of  the  patient.  Being  called  upon  lo  tes- 
tify, we  tpyv  it  ax  oiir  opinion  that  the  di*eaw  from  which  the  old  gentleman  suBered 
was  of  so  grave  ■  character  iImH  he  wotild  newer  recover,  bitt  would  he  a  great  ntlTercr 
until  be  died. 

We  subseqiienlly  treated  the  above  patient  by  mild  galvanization  of 
the  spine,  and  nitrate  of  silver,  and  in  the  course  of  a  month  he  began 
to  improve,  and.  what  is  more  remarkable,  the  improvement  continued 
lie  did  not  fulty  recover,  but  was  able  to  resume  active  labors. 
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Eleetr^-Diagnosis. — In  cases  of  progressive  mn&cular  atrophy  tba 
clectro-musciiliU'  contractility  is  eithe*  diminished  or  destroyed.  Elec- 
tro-musciilar  sensibility  is  usually  diminished.  Various  changes  in 
muscular  irritability  may  take  place  during  the  progress  of  the  di&ease. 

R^tx  eonlraetwns  occur  in  mu«cuUr  atro[>h]r.  Dtphgie  controit'ufns 
also  appear  in  this  disease.  These  facts,  taken  in  connection  with  the 
history  of  the  case,  the  atrophy,  the  fibrillary  contractions,  swellings, 
and  anchylosis  in  the  bones  and  joints,  the  anxsthesia  and  the  neural- 
gia, make  up  the  diagnosis.  Diplegic  contractions  were  first  observed 
in  muicular  atrophy  by  Remak  ;  they  have  since  been  observed  in  hys- 
teria and  other  irritable  conditions. 

The  disease  docs  not  always  exist  alone  ;  it  may  be  complicated  with 
locomotor  ataxia,  with  paralysis  of  the  cmniol  nerves  and  other  disorders 
of  the  boin. 

Prfignosis  and  Treatment. — Our  better  and  increasing  knowledge  of 
the  possibilities  of  electro -therapeutics  fortunately  enables  us  to  modify 
to  some  extent  the  prognosis  in  ihis  disease.  That  the  prognosis  is 
grave  cannot  be  denied,  but  by  persistently  following  out  the  treatment 
that  of  late  years  has  proved  90  succcMful,  we  confidcndy  assert  that 
Dot  only  may  the  disea^^e  be  arrested  far  more  frequently  than  in  the 
past,  but  that  in  not  a  few  instances  the  nutrition  may  be  so  far  inv. 
proved  as  to  amount  to  approximate  recovery. 

In  DO  other  forms  of  disease  does  it  seem  to  us  so  important  that  es- 
pecial eniplusii  should  be  laid  on  the  electrical  treatment  as  in  those 
of  the  so-called  progressive  character.  In  many  of  the  phases  of  i>a- 
ralysis,  in  the  neuralgias  and  in  most  forms  of  local  and  constitutional 
disturbance  where  the  indications  call  for  electricity,  other  remedies 
as  well  have  their  uses,  and  in  many  instances  are  even  of  greater 
service.  1 

When  we  advance,  however,  to  the  consideration  of  those  ominously 
progressive  disorders,  ataxia  and  muscular  atrophy,  we  recognize  the 
fact  that,  with  the  exception  of  those  cases  which  depend  on  a  syphilitic 
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Uint,  our  ordinaf7  remedies  cxeicts«  but  little  control  over  their  proj;- 
ress.  We  have  therefore  almost  in  despair  turned  to  the  therapeutics 
of  electricity  in  these  diseases  ami  aldiough  it  has  failed  by  far  to 
accOQiplisb  all  ibai  could  be  de^i^ed,  it  has  yet  proved  to  be  more 
efficacious  than  is  generally  credited.  In  some  cases  it  certainly  arrests 
the  disease. 

As  a  rule  we  alternately  make  use  of  central  galvanization  in  its  most 
thorough  form  with  faradization  and  galvanization  of  the  affected 
muscles. 

Persistent  faradiiiatLon  of  individual  muscles  has  been  alone  reconi- 
mcLidcd  by  Ducheune,*  and  among  others  who  have  reported  recover- 
ies by  this  simple  and  single  method  might  be  mentioned  Dr.  Alex.  P. 
Fiddian. 

The  case  f-  that  he  details  was  treated  by  that  form  of  electricity 
generated  by  the  old-fashioned  magneto-electric  machine,  and  although 
the  authenticity  of  the  statements  cannot  be  doubted,  yet  a  knowledge 
of  the  combined  experience  of  lho>)C  who  have  accomplished  most  in 
electrotherapeutics  must  confirm  us  in  the  assertion  that  in  order  to 
achieve  the  best  results,  both  currents  must  be  used  and  the  applica- 
tioiw  directed  lo  liic  nerve  centres  .is  well  as  Co  the  affected  imiscles. 

Progrtuivt  muttular  atrophy  9/  miuettt  of  tkt  right  hanJ,  Ihrtt  ytar^  ttandiit^-^ 
mm  in  inck~—//uMinfsi,  and  t^Unm,  and  nturalgia  of  tht  arm — Diitatt  of 
the  tkim—Arrrst  ef  tht  diititu  under  gaivanitasi»n  «f  iht  tfimt  and  ferifhtrat 
/aradiuition, 

Cas«  I.XXI Mr.  N..  agentlemxn  of  middif  liTc,  wa5  brought  loiw  Sy  S.  J.  Ho!- 

k]',  November  I4,  tliyo.  The  p»iient,  who  had  a  i.trDnK  coaitication,  for  thT«c 
ycai>  liad  been  suffering  from  attujiliy  of  the  muidci  of  the  ball  of  ihe  Ihumb  of  (he 
rigbl  hand.  Tlic  dtienie  bnil  Itcrii  gradual  in  il*  onitet,  fttid  «ent  gractuil  in  it) 
■dvanhc,  ui'l  by  variam  licalmcnC — medicincii  %aA  f»ra(li»(ioit  of  the  mwclCT— hod 
been  more  or  leu  modiiieH.  The  atiu[)hy  wu  prei'eded  bj-  pain  in  the  back  in  the 
region  of  (he  thin]  dorul  veriebra.  This  >poc  we  found  to  be  tender  on  pfo&iire, 
and  alio  tender  under  the  clcciric  current.  A  E«lvuiic  current  app1i«d  to  the  (endcr 
■pot  caused  at  once  a  unsMhn  in  tht  ajfttied  hand.  There  were  in  Ihe  huid  pcr- 
llilent  coldncM  Kud  great  numbncM,  with  an(etlheiria,  DmI  alto  impairment  of  the 
wtme  of  prrvMtre  a«  determined  by  exxminatiun  with  the  piesmctei.  Mid  thcte  waa 
enfeeblctncTit  of  the  sexual  power.  The  coldncu  and  numtmen  w«ie  fiot  /*//  lix 
fftif]  hffcrt  in  the  track  of  tlie  ulnnr  nerve  \  the  pain  in  (he  back  appeated  liv« 
ycart  before,  ant]  two  yean  after  that  the  mutcles  of  the  hind  began  to  atrophy. 
At  one  time  (here  had  been  eviileneo  of  an  acute,  or  rather  tubacule,  congestion  of 
the  cord,  with  the  symptoms  of  numbness  of  half  the  body  on  Ihe  right  side ;  anus- 
Ihesia  of  the  rectum,  so^  (hfti  the  fxccs  were  paiwd  ttnconKJoiialy,  and  terere  neu> 

•  De  I'EIeclrisation  Localise,  p.  70a. 

t  Med.  Tines  and  Guette,  July  ao,  1872,  p.  6& 
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nljpiof  xht  arm — llieu  symptoms  lasted  odc  ownth.  The  lint  rand  not  rerjp 
ttrong)  apiiHcation  of  the  calranic  cairent  cauivd  incamnM  that  niglil ;  pun  in  ab- 
domen, and  mvntal  depreoaon,  and  atiiedhcfia  of  the  rrcCum :  one  day  rollovrine 
treatment  he  fell  a  ienMiicin  in  his  back,  as  though  some  one  had  mddenlf  and 
severely  Kiruclc  Urn  from  beliiiid ;  gradually  he  became  acciutoined  to  tbc  sppl  teal  tons, 
which  were  node  milder  and  dorter,  and  bc^n  to  get  hctter.  There  were  leas  in- 
Minnia  ard  better  appetite,  Ics  pnin  and  more  warmth  tn  the  haad  aad  arm.  During 
the  trenimeTil,  whioh  lA»ted  Mventi  wcekt^aboal  twenty  applivat ioni — a prurigimntii 
trMption  «Pftartd  «n  tht  iaek  and  shirHlJers,  wi/A  if  fa/  ilrhiHjr,  toi/A  a/litek  eatmt 
great  reliif  of  tht  p&iH  in  ikt  sfiime.  The  itchin);  of  the  prurigo  wrat  itself  relieved 
by  the  galvnnic  cvrrcnt.  The  ditcaM  was,  to  all  seeming;,  aiicstcd,  althoufih  ih« 
atrophiad  mnsdcs  die]  not  return  to  their  normal  condition.  Eighteen  months  alter 
the  close  of  the  treatment  wc  met  the  patient.  He  was  In  excellent  health ;  althongh 
the  hand  vra«  still  con»i(lerably  »hmnWcn,  the  kxuhI  yower  had  retumcl.  and  he  had 
bat  reccniLy  married,  liaving  previonsly  lived  a  ba<?hdor,  and  he  was  in  most  excellent 
spiriii 

The  features  of  most  interest  in  the  above  case  are  : 

t.  It  seemed  lo  show  the  central  origin  of  progressive  musculai 
atrophy.  Long  before  tlie  muscles  of  the  hand  began  to  atrophy  there 
was  evidence  of  spinal  congestion  at  or  near  that  part  of  the  rx>rd 
whence  issue  the  nerves  to  supply  the  arm.  For  several  years  these 
ttymptoms  had  been  existing  before  the  atrophy  was  observed. 

J.  The  fact  that,  when  taken  early,  progressive  muscular  atrophy, 
grave  as  the  disease  is,  may  be  arrested  by  galvanization  of  the  nerve- 
centres. 

3.  The  apparent  relation  of  the  pruriginous  eruption  and  the  morbid 
state  of  the  cord.  When  the  craption  appeared  with  severe  itching, 
the  patient  at  once  improved,  and  then  the  eruption  was  itself  relieved 
by  the  galvanic  treatnieiit  (sec  chapter  on  Diseases  of  the  Skin). 

Pregrtuiv*  mntailar  atrofhy  of  intraJ  ytarj'  tlaniilttg—  Appraiimatt  rttctvry 
miu/fr  ptrtiittnt  trtattHtfU  by  gtntnit  and  Ixal  fartulhslian  and  sfinaJ  gal- 
vanitati»m. 

Cask  LXXII. — Mr.  D..aue<l  44,caii>e  10  ns  uriih  sympiomt  typical  ofprogrcsavi 
muscular  atrophy.  Tlir'c  ^ymptomi^  hnit  been  dcTcloping  fur  over  iwu  years.  The 
thenu  and  hypotbenar  eminences  of  the  right  hand,  toeether  with  the  mow  of  biter- 
oasei  mtisdes,  were  so  waRted  as  to  render  ihe  hand  nearly  uselcia.  The  outer  musdca 
of  the  left  hand  were  aha  nimewhai  wo-Med,  <o  that  the  little  finger  of  that  side  wm 
(mI  becoming  power  lev*.  On  localising  the  faradic  current  in  the  alTected  nnsclet  of 
the  n|{ht  hand  it  was  found  that  there  was  (ome  degree  of  cHectro-mwcuIar  contrac- 
tility in  all  of  them. 

Up  to  a  few  dayt  before,  Ihe  patient  had  been  unaware  of  the  nature  of  Us  com* 
plMDt,  and  fin  learning  It*  true  character,  he  expieued  his  readiness  to  undent  pro- 
loii|[ed  treatment.  In  addition  to  the  fymptoms  above  stated,  he  complwned  of 
■reakness  and  stlfTneis  of  the  Umht,  together  with  *ome  want  of  co-ordinalinf  power. 
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ODoeawcck  the  patient  wu  mbmilled  to  generai  Tanuiiatian,  iind  three  times  &  week 
10  galvaniuiion  of  the  spine,  and  faraidiutiun  ai  thealTcctcd  muscles.  Spuntodk 
contraction  occuiDnoily  oacurreil  in  the  flexor  miiida  of  cither  arm  and  hand,  and 
thex  con  It  act  ton  1  were  alwa,)r(  aggniva.Cc<l  i(  the  f^inulic:  carrcnl  wki  apjilied  to  lll«t 
uiuclcs,  while  a  miM  conlinuouR  galvanic  currcnl  afTorilai  greit  reli«{,  The  above 
Ueaiinvnl  was  conitiiuoi  uuintenupledly  fur  fuur  moiillii,  when  it  toulil  leadlly  ht 
•ccn  that  there  wsa  an  »p|)teciabl«  increase  in  the  tiie  af  the  atrophied  mucles,  espe- 
cially ihoK  between  the  thumb  and  index  finder.  He  was  again  able  to  write  viih 
coiuiderahle  rcadincM,  tomcihing  which  he  hod  not  attempted  for  Kver%l  monttuk 
Uia  limUt  had  caiucd  markedly  in  atreuj^b,  «ud  lie  Kcued  approximately  well 

Prcgrtttivt  mMKu/ar  atr<ipky  Vfith  fttralysit  of  th*  txUmsr  mustitt  vf  tkt  kand— 
Oecidtd  rtiitf  undtr  lecaJ  /araditatiim  and  gaJvaniiation  9/  Ike  lymfatAttit — 
DifiUgic  contriulions. 

Case  LXXIII. — A  gentleman,  a^ed  40,  was  sent  10  u»  by  Dr.  J,  J.  Crone. 'There 
idcviicii  paralysis  of  the  cxtenMit  mkucln  of  the  ti^lii  hand,  with  6uch  raarked 
ratfophy  of  tlic  tiiuBclcn  at  the  bftse  of  the  thumb  a«  to  cause  both  the  chenar  aivd  hypo- 
thenar  eminencet  to  itand  out  in  buld  and  angular  relief.  SpaMno<lii.  coDtra(.-tion»  of 
the  flciur  iiiwnIu  utcuiun.tlly  occiiireJ,  and  he  woa  annoyed  byaliBcp  netiralgk  paini 
in  the  afTcctcd  port,  Tlioe  lymptonu  were  fir»t  noticed  »o«Dewbat  more  ihan  a  year 
prcvioiuly,  and  the  apparent  cau»e  wa«  a  violent  jcilt  that  he  had  received  about  that 
time.  The  patient  wu  tieaicd  by  j^vanizaiiun  of  the  i^ympathctic.  and  far^uliiaiioa 
of  the  afTected  muscles  and  the  result,  after  mric  twenty  stances,  was  approximate 
r«Uef  of  all  |>akn  and  tendency  to  spasmodic  contractions;  the  grasp  became  uroB|er, 
and  the  i^alicnt  wu  again  enabled  10  write  with  Mme  degree  of  rcAdineu.  I'hc  treat- 
rociil  was  iikC  cuntiDucd  tuffidciilly  lon^  to  enable  lu  to  teat  in  this  ciuc  the  power  of 
fatradiiatioH  lo  incrcaK  the  muscuUr  liHue. 

We  were  enabled  to  excite  in  this  patient  the  M-called  diplegic  coDtrwtiona  of 
Reniak. 

iMuxular  atrophy  of  ihrtt  ytart'  t1artditig~-In(rt«it  in  lit*  9f  tht  alrffiAuJ mtutiei, 
0mJ  a^rmximate  rtiitf  of  uiiotiattd  tymftemt — 7I4»  fatimt  stilt  under  trrat' 

WUtU. 

Cask  LXXtV.— In  the  case  of  a  gentleman  of  $0.  who  at  the  date  of  willing  i» 
stilt  at  oiir  honik  rcceivii)g  Keatmcnt,  that  lias  already  emended  over  Kvcral  months, 
the  benefit  derived  has  been  of  the  moti  decided  character.  The  ficst  symplomii  of  tli« 
di«ca^«  were  observed  three  years  prior.  When  we  first  uw  him,  there  was  very 
ntaikcd  atrophy  of  the  muicle*  of  the  riglit  hand  and  to  a  le»  extent  of  those  of  the 
lefl ;  llib  aUopliy,  moreover,  was  making  appreciable  progreu  from  month  lo  month. 
There  wxi  p*nly*i%  of  the  index  fiDKcr  of  one  hand  and  llie  Uttle  linger  of  (lie  other  ; 
Ridden  q>«Kmo<lic  contracliont  of  both  banda  were  frequent  and  annoying,  and  tliere 
was  an  utter  inability  lo  wnio.  Up  lo  this  time  Uia  Ircatmeal  by  central  galvaniu- 
tioB  combined  with  faradbatlon  of  (he  atrophied  musdei,  gal>-anixation  of  the  flexors, 
with  oocaaoiuU  trances  of  general  faradization,  have  vastly  improved  the  patient  in 
^■very  symptom.  The  nutrition  Uiu  bees  su  for  improved  ai  to^iow  an  appreciable 
tfecrenxe  in  the  «ie  of  the  alf-ixted  muacEci.  There  liai  been  an  approxjmalc  recovery 
of  the  parolyict!  fingeri ;  spasmodic  contractioni  no  longer  annoy  him,  aod  be  ci^ays 
cooaideiable  facility  with  tba  pe>. 

3' 
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JPi-cgrtstive  Afyff-Scler^U  Paralysis  {Prcgrcssivf  Muscular  Hyptr- 
trophy),  Pseudo-IIypertropkic  Paralysis. — This  disease  of  childhood 
was  firsl  described  by  Hr.  Edward  Mcryon,  in  a  paper  read  before  ihe 
Royal  Medical  and  Ciiirurgical  Hociely,  December,  i85t.  A  case  was 
subsecjucnUy  reported  by  Dr.  T.  King  Cliambers,  in  the  Medico  Chirur- 
gical  Transactions,  1854.  The  diiiease  has  been  obicrvcd  in  two,  three, 
and  four  children  of  one  family.  The  disease  has  been  systemalically 
studied  by  Duchcnne,  who  was  the  first  to  set  it  before  ihc  profession 
as  a  distinct  disease.  The  syuiptoms  of  lliis  affection  in  the  first  stage 
are  weakness  in  the  lower  limbs  and  flcnion  of  the  toes;  in  the  second 
tuge,  inerease  in  sine  oj  the  muscles  of  the  itgs — especially  of  iJie  calves, 
of  the  back,  aiid  of  the  gluteal  muscles  ;  in  the  third  stage,  cxten»oD  of 
the  disease,  niiiacuiar  atrophy,  exhaustion,  and  death. 

Electro-Diagnosis. — Farado-rausculur  contractility  usually  diminished; 
galvanomiisciilar  contractility  maybe  eitbcr  normal  or  exaggerated; 
electro-muscuUu  sensibility  is  soaieiiiu»  dirabislied,  soraeiimes  DOrroal. 

Prognosis. — The  patient  is  pretty  sure  to  die  in  the  course  of  a  few 
years.  In  the  second  stage  th«  sytuptoius  may  remain  stationary  for  a 
long  time.  Benedikt  was  able  to  improre  a  case  of  two  yean'  standing 
by  galvanization. 

Treaimtnt. — Faradliiation  and  galvaniration  of  the  afifected  luus- 
cles,  central  galvanization,  and  galvanization  of  the  sympathetic,  should 
all  be  tried  in  succession  or  alternation. 


CHAPTER  XXJII. 
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Rheumatism  is  x  disease  for  which  electricity,  by  various  methods  of 
application,  has  been  employed,  with  more  orlcss  success,  from  the  early 
periods  of  the  history  of  electro-thcraiwuatics.  Next  lo  paralysis,  it  ia 
perhaps  the  disease  in  which  the  original  experiments  of  electro-thera- 
pculisli  were  most  frequently  conducted  ;  and  for  the  reason  dmt  {like 
paralysis)  it  is  so  frequently  ottslinate  to  ordinary  remedies. 

Treaimtnt, — Being  a  ionstitutional  disease^  it  demandt  cffnsfituiicnai 
treaiment.  The  best  results  are  obtained  by  general  faradization,  com- 
bined with  faradisation  or  galvanization  of  the  alTected  joints.  To  con> 
fine  the  ircalment  lo  the  affected  joint  is  uaphilosophical,  and  usually 
tiiore  or  less  unsatisfactory,  for  die  obvious  reason  that  it  attacks  merely 
a  local  symptom,  which  at  any  time  may  be  tiausferred  to  other  and 
remote  parts  of  the  body.  The  true  method  is  to  lay  the  axe  at  the  loot 
of  the  tree  by  making  the  applications  general,  so  as  to  bring  the  whole 
*)*8tem  under  the  influence  of  the  current.  This  treatment  soni>etimes 
causes  increase  of  the  flow  of  urine,  and  almost  always  more  or  less  ex- 
hilaration, and  relief  of  the  pain.  .Sjiecial  attention  should  be  given  to 
the  parts  which  are  cliiefly  affected,  and  the  swollen  joinu  should  be 
treated  by  mild  and  steady  faradization  or  galvanization.  Where  in  the 
acute  or  subacute  fonus  the  immediate  effects  arc  agreeable,  it  is  prob- 
able  that  continued  treatment  will  be  of  service.  For  the  local  treat- 
inent  the  galvanic  and  faradic  current  may  be  used  alternately. 

The  effect  of  the  current  on  the  inflamed  joints  is  to  relieve  the  pain, 
reduce  the  inflammation,  and,  where  eflfuaion  has  taken  place,  to  cause 
absorption.  Absorption  maybe  caused  by  both  cuuents.  m  some  cases 
more  powerfully  by  the  galvanic.  If  the  currents  are  used  too  strong 
or  too  long,  the  pain  and  inflammation  may  be  increased.  For  appU- 
caCioDs  to  very  sensitive  and  painful  joints,  the  positive  pole  is  prefer- 
able (sec  p.  aSi).  For  rheumatic  callosities  and  anchylosis,  very  pro* 
Itfngid  local  applications  of  the  galvanic  current  may  be  tried. 

Prognosis. — In  presenting  the  prognosis  of  rheumatt^un  great  stress 
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must  be  laid  on  the  distinction  between  the  chronict  subasitie^  and  mus- 
cular varittits. 

During  our  earlier  investigations  in  c]cctro-thera|>euUcs  we  treated 
perhaps  as  niany  cases  of  rheumatism  as  of  an/  one  class  of  disease. 
The  apparent  results  of  treatment  by  electi-isatiun  in  many  cases  of  mus- 
culuj-,  and  in  a  number  of  cases  of  the  acute,  subacute,  and  chronic  vari- 
eties of  articular  rlieumatism,  exciteil  our  enthusiasm,  and  led  us  to  liO)>e 
that  a  remedy  had  been  foLind  that  vould  prove  very  generally  and  pow* 
erfuUy  remedial  in  all  forms  of  this  disease.  Further  experience  and 
inve^itigaiion  compel  us  to  declare  that  wc  are  not  to  expect  such  rapid 
and  decided  benctit  from  electrization  in  the  worst  cases  of  ehronie  arti- 
eular  rhfuinaiism  as  wc  at  (irst  supposed. 

The  ma-aX  uiiifunn  results  arc  ubtaiiied  in  the  muscular  form  ;  the  next 
best  are  the  subacute  and  acute,  and  the  least  satisfactory  of  all  in  the 
chronic  stages. 

A  good  opportunity  to  note  the  immediate  effect  of  elecirieation  is 
afforded  io  those  cases  where  the  disease  is  of  such  severity  as  to  render 
any  of  the  muscles  of  the  body  almost  if  not  c^uitc  powerless. 

SJUumaHt  faratytit — DttitUd  rtikf  unJrr  gtntraj  /araJuaiifH . 

Case  LXXV.— TI»  sulfeiei  wu  a  little  hoy,  wha  for  leveral  inoniht  had  bcni  af- 
Alcied  with  bulti  ncotc  unci  chronic  muscular  rhcuniKtiim,  Tlic  ucmo-cleido-ro^stoid- 
tUK,  nnd  the  ptaiy^nm  myoides  musclrs  weic  very  rl^d,  and  fiequeniljr  oiniiaclcil 
violentlj,  causing  acute  p*in.  Tlic  piuiciil  tvos  unable  In  hiiiif;  Uw  jam  nearer  Io 
cacii  other  than  one'tialf  an  intb,  wtiilc  it  was  impLissiblc  for  him  to  luni  the  bead  on 
eilber  %iJe,  ivitli(nil  at  the  vuik  lime  tiiiiiini;  llie  whule  body, 

TTw  entire  hirad  w»  nicccdingly  *ei)Mli«e  Io  ^iglit  prcwurr  with  the  fingers.  Tbe 
htii.  m|ipliaiiLuu  WiU  nuile  with  an  «XL-e«diii{;Iy  milU  and  Ane  faiadic  mneol,  aiid  was 
of  ten  tniiiulci'  duniliun.  With  tlie  biuid  Bncl  Aiigert  as  electrude«,  we  carefully  Bul- 
nipulaicd  the  head,  neck,  luid  iudivid  lul  mu(d«ti  until  the  paiienl  could  d(»c  hit  month 
and  turn  his  head  to  either  ude  with  wmc  freedom,  and  vrichout  (utfcriiig  ptito  or  incon- 
venience. 

In  about  a  week  Ihe  patient  og^tin  prcvwtcd  himvlf.  He  could  «iU  cJose  hU  jaw» 
ftnaly,  but  was  unaMe  to  turn  hit  bead  as  leadily  as  hdatt.  A  second  appliculuKi 
Tclievcd  lum  oi  completely  as  the  first.  To  our  re|>Tet  we  uiw  no  more  of  IhiK  case 
after  the  Kconcl  vitii.  but  leomod  »ub«c((uently.  however,  UmI  be  retained  the  iinpruvc- 
neal,  and,  under  internal  modicaiion,  lecoveied. 

ImttrtoHai  rAtumaiitm  of  lung  itaftdiitg —  /mfravttmtmi  mmdtr  gtittra  l/aratfiim  fitm . 

Case  LXXVI. — A  gentleman,  Knt  to  ti»  by  Ptof.  Austin  Flint,  vras  a))|>nnii- 
■n&tely  cLucd  of  chronic  rlicnnialitnt  thai  chiefly  xffecleit  Ihe  interca»ia]  mutclet. 

Vm  nearly  three  year*  he  h»d  Hifleted,  from  line  to  lioie,  atiacLt  of  more  or  let* 
sevarity,  although  at  no  time  aince  [lie  dtaeaae  Um  manifested  iiwtf  bad  lie  been  en- 
tirely free  from  i(. 

It  was  a  singular  fcalore  of  bit  cliMrder  that  it  was  aggravated  by  ihew-ofrnweiUber 


CASES  OF  SUBACUTE   RHEUHATISU. 


4SS 


of  *prln|{  mnd  tuniiMr.  He  was  treated  t>y  s/eatnH  eledrbation  with  (be  findlc  «■» 
rent  every  other  day  for  nx  weeks.  He  gradiuilly  improved,  and,  when  trealmcnl 
ms  dlacQBttaned,  he  remiuncd  compsralmlir  fm  from  any  symiMonu  of  bis  Utc  die- 
order. 

Smiamtr  artkmitr  r^mma/tsm—MiteuJitr  strtiuu  and  tmJargtmititl  c/  Jeinis  rt- 
litvtd  by  tkrtt  general faraJiaatiotu. 

Case  LXXVn.— By  the  Mwnwy  of  Prof.  Auitin  Flint  we  treated,  inOdcAer, 
1S67,  %  cue  of  luhacule  articular  rheumaChm  in  oncof  the  WAixUof  Bclloue  llonjn- 
tU,  For  three  ninnth«  the  patient  hod  vuffcred  from  muKular  »ureiiea  of  [he  bAi:k 
And  «hotiLi1er«,  an<l  a  caiHidenible  enlaigement  of  the  right  wtut  and  xnkle  MiA  t)ie 
joiali  uf  the  fint  ton  of  [he  feel.  Thrcp  gcDcnil  appticationts  with  special  rercrcnce 
to  tile  diieused  part*,  diuiimied  llie  mtticular  )'DreneM>  oiiil  no  decidedly  relieved  ihe 
lAnietiesx  iaA  redufcrl  the  enlarccmeiKs  of  the  joints  that  the  p&licnl  wu  tliichar^ 
from  hotpidl  in  three  weeks. 


Bwth  acute  and  subacute  rheumatism  occasionally  occur  coiu plicated 
wit!)  neuralgia  anj  nervous  exhaustion,  and  arc  usuiUy  very  persistent. 

Suiofuif  rkeumatitm — fttght  Jelt»id  munh  atiif  $evtra/ Jcintt  nndfingtri  nnd  h/t 
butt  affeelftt — Offitlity—iitrovtry  tindtr  grutritl  /aradiutiipit. 

C.\^t.  I.XXVni, — A  ([cnCletnin,  (u;«l  abuut  40,  olwcrvciaiid  treated  ljyin»ilAlion  of 
Dr.  Ilnwaid  Piukney.  in  Oct.,  \%(>T,  wm  unflcring  acutely  from  [heumatic  paralysis  of 
the  right  deltutd  mtucte,iyinplorn*orinfla,ininik[ioi[iuf  [he  sheath  of  tlKrigh^  ulnar  necva^ 
cwetiingc>r  ic'crnlof  the  jninlmof  l)ie  fingers  cif  the  lefl  hand,  and  a  very  jMJnful  ctiUl)^ 
menc  uf  the  (efl  knee,  and  |<real  debility.  1[  is  proper  10  state  that  t!ie  paiietK,  at  well 
ashuphytiirUn,  iL«i:ribed  hit  great  ncrraiLi  prostration  p-irtly  to  rcceril  oiid  exce^nre  du> 
ttpation.  The  fir*!  applicaiion  of  the  foradic  ctureni  not  only  greatly  reduced  the 
tem|)eiatuie  of  the  utfected  I'tmbft,  but  restored  in  some  degree  the  lost  power  of  mo- 
lion  to  the  right  arm.  Under  the  influence  of  Ihecurrciil,  Ihc  leg  in-creokcd  innzcand 
remainrii  in  tbiit  condition  for  about  a  week,  when  the  swelling  rapidly  nilHided.  TltB 
Ileal  in  ihe  inilamed  joints  did  not  sgain  rue  to  iIm  saine  tempcrat  me,  and  the  ptmly- 
at  of  the  arm  proj^uoed  gradually  towards  recovery  frori]  tlie  finit  applicntioo. 

Annatheda  of  the  deltoid  wu  a  ciiarked  tyra)>toin ;  tnil,  as  {■  usually  the  oue,  it  wu 
readily  disipated. 

Treaimeiit  by  electrisation,  together  with  potaa&  bromid.,  was  continned  from  Oct. 
SIX)  to  Not.  9th,  when  the  p&tient  was  discharged  &»  spproxlnuttel/  cured. 

SaiMtit*  ai'tHnlai'  rhtumatitm  of  nine  titotitk^  ttamifing — Appra^rimaU  rttovtrj 
Uftiitr  gtntrai  /armtinati^n  amd  gatuanitathn  »f  tkt  Mfiur,  tymfaihttk,  and 
talar  flexiu. 

Case  IJCXIX.  — Mr.  S  ,  ■se'l40.  lutd  for  nine  monttissulTered  cnnotantlyfrO'tn  sub- 
acuLc  articular  rheumaiiim.  The  iiaroxyims  varied  In  severity,  and  the  scat  of  pain 
and  (welling  was  con»tantly  changing  from  Ihe  finger-joints  to  the  wrist  and  elbcrw^ 
to  the  shonldcTs  hips  hntrrs  and  ankles.  The  must  constant  location  of  the  diieaie 
Wis  m  the  ankles  and  wriiis  and  in  lontcqitcnce  iociifiacitatcd  him  fium  punuing  his 
avocaiion  orabook-ke«pe<.  He  was  ircateii  ftnl  by  general  faradization  March  iTtti, 
lS;3,  and  in  a  couple  of  days  lh«  gdvanic  current  from  ten  ordLnary  tine  carbon  cdli 
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wu  dirKtfd  a1on);  ihe  spine  from  ibe  (Ulli  cervical  verl«tirft  (a  tbe  tular  f^exns.  Thn 
method  of  trcatracTit,  which  vnu  contiimed  for  two  motiilu,  graiitully  learned  tba 
tadmcy  lo  cwclUog  ukI  irritation  of  the  joinlt.  uid  enabled  the  patient  to  resoine  hii 
biaiiiHi, 

When  the  trcAimrnt  wti^di.v.'Oiitinued,  he  liod  not  eniireljr  recovered,  but  dutnc 
tbe  nmincr  he  improval  dill  (mtbcr  »bi1  through  the  foiluwinj;  winter  aad  *pno^ 
«nu  M  little  ajino)-^  by  hii  old  enemy  M  at  no  lime  to  be  n)ni|ielled  lo  intermit  bit 
dntie*  of  wriiing,  even  for  a  day. 

Myalgia  {Muscular  /tAruma/ism).~-Tins  n*me  is  commonly  applied 
to  neuralgic  or  rheumatic  p^n  of  the  muscles  on  movcmeni,  caused  usu- 
ally by  exposure  to  cold  or  dampness.  It  may  be  distinguished  from 
ordinary  nenratgia— ^ri/,  by  the  fact  that  the  pain  occurs  chietly  on 
movetiient  and  not  on  test ;  and,  suon/f/y,  by  the  fact  that  the  sore- 
ness is  diCruscd  through  or  over  ihe  muscles,  and  not  seated  or  &xed 
in  ccrl.'iin  nerve  tracts.  It  receives  different  names  according  lo  its  lo- 
cality. In  the  back  it  is  called  lua^ago ;  in  the  thoracic  muscles, 
pleurodynia  ;  in  the  neck  it  simulates  torticollis  or  wry-neck  so  closely 
as  oriencimes  to  he  confounded  with  that  affection  ^sce  TorticaUis). 

lytatment. — l^ocal  farad i/^tlton  with  a  mild  current,  either  stable  or 
labile,  usually  relieves  Mich  cases  in  a  short  time.  Stable  galvanization 
also  with  a  niild  current  may  be  at  once  effective.  Severe  applications 
m.ny  increase  the  pain  in  this  affection.  The  fact  that  the  patient  is 
not  at  once  rt-lievwl,  nr  is  worse  after  the  first  application,  should  not 
discourage  us,  since  the  final  result  may  be  satisfactory.  Of  the  large 
number  of  cases  that  wc  have  treated,  nearly  all  have  been  relieved  by 
one,  two,  or  more  ap]>lication&.  A  single  application.,  with  a  m/i^  cur- 
rent, prolonged  for  one  or  more  hours,  may  sometimes  entirely  tiissipate 
an  attack  of  myal^'ia. 

It  is  in  myalgia  that  the  belts,  chains,  bands,  disks,  etc.,  worn  on  the 
body,  have  obtained  the  best  results.  A  convenient  arrangement  for 
making  prolonged  or  continuous  local  applications  of  very  mild  galvanic 
cm-rents  is  the  electric  disk  of  Dr.  Garralt. 


Fio.  to J. 
Oblong  Bulloa  Diik. 


These  are  niailc  of  alloy— magnesium  and  zinc — for  the  negative,  and 
silver  for  the  positive  pole.    The  stiifacc  of  the  body  forms  a  moist  coa 
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neciion  between  the  pairs,  which  are  insulated  by  thin  rubber.  Tha 
difik  is  made  in  (vo  general  varieties — the  circular  and  the  oblong,— 
the  latter  being  used  for  the  limbs  or  back ;  the  former,  which  is  very 
flexible,  can  bt;  applied  to  almost  any  portion  of  the  body.*  The  very 
slight  galvanic  aclit>n  of  these  disks,  which  Is  excited  hy  the  moisture  of 
the  body,  may  be  increased  by  wetting  the  skin  beneath  them  with  salt 
water.  They  should  only  be  worn  a  part  of  the  time,  either  in  the  day 
or  night.     Tliey  may  be  used  for  weeks  and  months. 

That  these  and  other  similar  contrivances,  when  scientifically  con- 
structed, may  relieve  slight  /aca/  and  superficial  pains,  there  is  no  ques- 
tion. In  the  treatment  of  deep-lying  aHcciions  of  the  brain,  spinal  cord, 
and  viscera,  or  severe  neuralgia,  very  many  important  results  have  not 
yet  been  reported  for  them.  The  results  that  appear  under  their  use 
may,  perhaps,  be  sometimes  explained  in  part  by  their  effect  on  the 
imagination  of  ihe  patient,  and  by  ihc  counter-irritation  which  they  iin- 
[questionably  excite  when  long  worn.  To  differentiate  these  effects  is 
quite  difficult. 

Complete  reiif/ e/ muKular  rkeumalitmef  tOferaiyean^  tlamdingt^^Jnen  afipli' 
eatioMS  a/ general /araditatioH, 

Cask  I,XXX. — Mr.  F..  aged  30,  wo*  direc(e<1  lo  u«  hiy  Dr.  Thoupton:  The 
pftticnC  WAN  of  a  ilctkalc  comtittition,  and  from  chtltDiood  had  been  eittemety  mi- 
cepltbic  lo  all  external  iiiniicni.-ci.  A  few  years  previous  to  hU  visit  li>  u»,  he  began  10 
be  tHcTct)'  alTecleil  bj'  muiciilar  rheumntic  paiitii  having  itieir  teal  more  especially  in 
both  shoulilcrs  Mil  ihc  cbcsi. 

He  liecame  aiitctnn:  an<l  sn(Ter«d  much  from  cardiac  patpiuiiont.     He  wu  at  onoe 

imlimitlcd  In,  and  treaied  only  b)-  general  faradixaiion  in  Us  most  Ihomuj^h  foiro. 

The  cATcKls  vrcre  immcdiACe  uid  decided.     He  suffered  less  from  cKc  (int  a^ance,  and 

in  tliree  weeks  after  ilie  admiublrAlion  of  a  tloien  apjJicalioiu,  the  relief  the  pmtient 

experimcni  waj  complete 

MuMular  rJteutnaUtiH  of  l!u  kift  and  limbt  exuling  a  manlh — Rapid  rtttvtry  under 
/aritditntioH  ef  Ike  affeettd  parts. 
Case  LXXXh— Mr.  S.,  an  old  gentleman  of  65,  was  referred  to  ua  1^  Dr.  J. 
CFarrington. 

Tlie  [MtienC  wu  uUTerin)[  acateljr  from  pain  anil  lamenen  acrou  the  loirer  portion 
of  lite  tttck  and  hips  while  both  thighi  wcte  m>  exquisitely  icn^ilive  as  to  render  him 
utterly  unable  \a  walk.  Thc««  tympiomK  had  refilled  from  expoiure  to  cold  a  month 
prcviow4y,  and  hail  resisted  vuiousmeibwl^of  tieatctieut.  FaradLuuion  of  the  affected 
parts  oQe  ereaiiig  jutt  before  retiring  did  not  immediately  allay  the  pain  and  tender* 
nr*t  \  but  the  following  rooming  found  him  able  to  Cake  a  few  Uep*  with  catnparative 
comfort,  and  by  evening  he  had  veiy  perccplitity  improved.  Ttie  hitic  applicstion, 
repealed  on  racces^ve  evening*,  enabled  the  patient  tn  the  course  of  a  week  to  walk 
will)  considerable  cue,  anil  in  a  fortni|{hl  all  tamencw  liad  di^ppeared. 

*  For  Kn«itive  p«tiecit«,  and  especially  tor  luJicK,  the  oblong  "  button-disk"  Is  osa 
illy  to  be  prclared,  on  mcoiuiI  of  its  greater  liijhinesa  mm]  fleubility. 
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Gouf. — Intht  chronic  rorm  of  gout  raradizatioD  is  sometimes  of  esseiw 
Ual  service.  General  faradization  and  central  galvani^alion  may  be  tried 
with  the  hope  of  raising  the  tone  ol  the  system,  and  so  as  to  enable  it  to 
better  cope  with  the  diseanc.  Temporary  reliefof  the  pain  may  be  derived 
from  either  locaJ  galvanization  or  faradization  ;  but  anything  like  a  per- 
manent removal  of  the  disease  is  not  to  tke  expected  from  any  form  of 
electrical  treatment. 

With  some  gouty  patienia  the  electrical  treatment  acts  so  decidedly 
that  we  arc  disposed  to  resort  to  it  during  the  subsidence  of  eadi  attack, 
to  relieve  the  pains  and  hasten  recovery.  Galvaoization  of  the  affected 
joints  docs  not  seem  to  produce  the  absorbing  or  catalytic  effect  that 
could  be  desired,  although  when  judiciously  used  it  accomplishes  some- 
thing. Whether  any  benefit  can  be  derived  from  any  form  of  electriza- 
tion during  the  acute  stages,  we  are  unable  to  say. 


Gaut  cf  thirty  yean'  Hamding  in  a  gtnlUman  tixty  years  «f  ag^-P'oiUme  rtStf 

fratn  general  faradiuxlian  in  tlu  tubtiding  stagt  of  an  aitact. 

Case  IJfXXlI  — IMr,  W .  a  reiired  grntlcman  of  6oyeus,  wbo  had  lived  ia 

cnntklCTitblccnse  f.if  nminiber  nf  years,  conuiLcctl  ub  Maicfi  20,  iS68.  For  [hiTty  }-ean 
he  liad  sufTeml  from  attacks  of  gout,  especially  during  the  fall  aad  vrialcr  aeaaoni. 
When  he  first  cuomtCed  ui,  he  wa*  in  the  aubuding  tU);c  of  a  Kvere  attack.  W« 
gave  him  Tout  ippllcaliotw  of  general  farailitilion  thai  relieved  hi*  ptim  and  scorosd 
to  hastCD  his  rctuin  to  htsu^ial  condition  of  health  during  theiiitervalv  Snbirqueodr 
tlie  patient  resorted  te  elrctricnl  Unlment,  with  dcdJefl  benefit.  Whether  ihe  treat- 
meni  harl  llie  elTect  to  diminiy-H  the  violence  or  frecjuency  of  the  Utado;  we  have  not 
been  informed. 

Rktumatic  Gcut  {Arthritis  nffJasa). — This  affection  is  neither  gout 
nor  rheumatism,  btit  appears  to  be  a  distinct  constitutional  affection, 
it  occurs  most  frequently  in  the  delicate  and  the  nervous,  and  may  be 
regarded  as  essentially  a  condition  of  debility.  It  is  very  apt  to  affect 
the  hands,  fingers,,  and  toes,  and  sometimes  thoroughly  cripples  the 
patient 

Treatment. — This  condition  is  most  successfully  combated  by  tonics, 
and  electrization,  more  for  its  tonic  effects  on  the  system  than  for  any 
special  catalytic  power  over  the  enlarged  joints.  General  faradisation, 
central  galvanization,  and  galvanization  of  the  sympathetic  are  the 
methods  that  experience  has  shown  to  be  most  useful  in  this  very  intrac- 
table malady. 

Prognosis. — The  prognosis  in  rheumatic  gont  is  not  brilliant.  The 
pains  can  be  relieved,  the  sleep  can  be  improved,  and  the  system  can 
be  in  every  way  strengthened  by  the  electric  treatment,  and  even  the 
enlarged  joints  can  be  made  to  diminish  in  size,  or  at  least  to  be  less 
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troublesome.  As  nearly  all  patients  afflicted  with  rheumatic  gout  are 
in  a  condition  of  dt^bility,  the  improvement  experienced  at  first  undei 
general  faradization  is  such  as  to  lead  them  to  hope  for  a  permanent 
eradication  of  the  disease.  In  this  respect  they  are  always  disappointed. 
'I'he  disease  may  be  held  at  bay,  but  is  never  banished.  It  is  doubtful, 
indeed,  whether  the  benefit  is  not  entirely  due  to  the  tonic  effects  of  the 
treatment  on  the  system,  and  not  at  all  to  any  special  influence  over 
the  rheumatic  gouL 

Other  remedies  are  so  powerless  in  this  affection  that  electrization 
is  worthy  of  a  trial  for  the  sake  of  its  general  effects.  We  have  treated 
a  number  of  cases  by  general  faradization,  central  galvanization,  and 
local  galvanization  of  the  affected  joints,  with  palliative  and  tonic  effects 
of  a  most  decided  character.     Dr.  Althaus  has  had  similar  experience. 


CHAPTLR  XXIV. 


SPASMODIC  DISSASBS. 


Or  spasiiiCHdic  diseases  this  general  law  holds,  thst  when  reccLt,  even 
though  violent,  they  yield  readily  to  electrical  treatment;  but  when 
long  standing,  they  are  easily  palliated,  cured  with  difBcuIty,  and  are 
prone  to  relapse. 

IVriUr's  Cramp. — This  affection  is  not  peculiar  to  writers.  An  anal- 
ogous cciiditiou  may  attack  seamstresses,  iQilk-niaids,  and  others  whose 
callings  compel  them  to  use  for  a  long  time  a  certain  set  of  the  muscle* 
of  the  hand,  it  is  believed  that  the  affection  is  not  purely  peripheral, 
but  that  it  frequenily.  if  not  always,  is  connected  with  diseaise  of  Ch^ 
upper  iHvrtion  of  the  spinal  cord. 

Whether  found  in  the  artist,  rendering  hin)  unable  to  manipulate  his 
brush — the  pianist,  preventing  hiin  from  fingering  his  instrument — or 
the  penman,  causing  his  writing  to  be  altnost  if  not  quite  illegible — the 
same  general  characteristic  is  observed,  viz^  the  recurrence  of  spa»m 
or  pain  whenever  an  attempt  is  made  to  execute  a  special  nTovcmcnt. 

Pains  resembling  neuralgia  or  rheumatism  so  closely  as  to  be  con- 
founded with  those  diseases,  frequently  accompany  writer's  cramp. 

"XV^  prognosis  in  the  early  stages  is  sotuetimes  favorable  for  a  perfect 
cure ;  advancc<i  stages  of  long-standing  cases  arc  usually  rebellious ; 
but  even  these  may  be  much  relieved.  Resl  from  the  otcupation  is 
almost  imperative. 

The  treatment  should  be  both  central  and  peripheral.  Galvaniiation  ■ 
of  the  upper  portinn  of  the  cord  and  of  the  median  and  radial  nerves, ' 
5|)inal  cord,  plexus,  and  nerve-cuirents,  and  faradization  of  the  affected 
muscles  and  of  their  antagonists,  may  be  tried,  and  when  anesthesia 
exists  the  wire  brush. 

Unforlnnatcly,  however,  those  who  are  most  frequently  subject  to 
writer's  cramp  arc  the  very  ones  who  are  unable  to  take  the  necessary 
rest. 

Although  the  results  of  treatment  by  electrization  in  tliis  variety  of 
palsy  is  by  no  means  unirorm,  yet  it  has  undoubtedly  been  followed  io 
lany  instances  by  approximate  and  even  perfect  recovery. 
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U^ir^t  trtmpi  tatijtimg  for  /ftir  juart — ImfrgvtmttU  ttitJer  /aroditali^m  amt 

Case  LXXXIll,— Fui  Tour  years  ilie  (>fttl«nt,  a  eentlctnan  ngcd  35,  h*doI»er»rda 
cerlftinlouot  power  in  tlie  ihmnbnnd  in4«i  finger  of  the  rtghl  liiiid,  tTiAt  became  moie 
decided  and  nnnoyed  him  more  xm\  more  terlouily,  co  ihat  about  a  yew  pr«vtout  to 
llii  rint  to  us  he  wns  cnalilwl  onty  with  ilifficulty  to  write  the  few  pages  daily  that 
his  busineu  required 

The  pftlicnt  wu  unable  to  fully  extend  the  ibumb  and  index-finder,  and  oa  locatit- 
Ing  the  farafiic  current  ttiratigh  the  flcnor  longus  poliicii  and  the  idductor  pallicu. 
there  wu  a  ouukod  dccreuc  in  the  elect ro-mtucutu  con C radii ily.  The  flexors  and 
citcnsora  of  the  other  fingen  rcitponded  nonnallj  to  the  bflucnce  of  the  current.  Th* 
inner  (UTf.ic«  of  the  hnnd  wa^t  decidedly  nnxsthetic,  while  he  complained  of  a  contlutt 
eorcnen  of  the  wrist  ihnt  at  tijnes  became  qnile  painful. 

We  be^n  with  the  fanulic  cnrrent,  IdcaJizing  ic  through  the  two  mntcles  of  tb< 
thumb  spccLfllly  Affected,  and  also  making  the  application  more  general  through  arm, 
wrist,  and  hand. 

Thi>  tnelhud  completely  diuapatcd  the  annoying  anteslhesia  and  aoreneMof  the 
wrist,  bat  resulted  in  nn  other  henctit. 

A  rnild  galvanic  current  from  six  Bunten's  cells  was  more  elTeclual.  Twelve  appti- 
cations  resulted  in  a  considerable  iitcieaie  uf  slTen)^>ih  in  the  ane<:te>l  hiUvJ,  and  )be 
fleior  muscles  of  the  thumb  and  tndex-finger  very  decidedly  relaxed,  so  that  h«  waa 
readily  enabled  to  accnmj}lish  two  or  three  times  inore  in  the  way  of  wtilioc  thaa 
before. 

In  some  cases  of  wrilcr'a  cramp,  and  especially  in  the  early  stages, 
anastkaia  or  ntimbncss  is  the  leading,  if  not  the  only,  symptom.  This 
may  appear  long  before  the  cramp. 


fnrlpitHi  mriifr'i  craaifi  in  an  tdUor — Profottnd  laeal  aiurUhtila — Ra^d  rttUf  mmitr 
tetaliud  faradii^h—  and  gahMmuttiftt. 

Case  LXXXIV.— Mr.  H.  C.  B,  a  gcDtletnan  over  60  years  of  age.  a  prominent 
editor,  wa*  rcfcnctl  10  us,  Noweinhcr  30,  1873,  by  Ur.  C.  I,  Mitchell. 

The  only  symptom  of  which  tfae  patient  complained  was  a  numbnen  of  the  last  two 
phalan(;ct  of  the  right  index- finger.  The  clcirtto-senwhillty  was  so  much  diminisbed 
thai  astrong  faradlc  current,  which  on  the  third  phalanx  and  sU  the  other  fingers  of 
the  hand  was  intolerable,  was  but  little  feU  on  the  last  phalanx,  and  cauaed,  indeed, 
rather  an  agreeable  sensation.  Tlie  xsthesloneier  abo  Indicated  grcnc  amesiheiia. 
The  muscles  all  responded  well  to  the  will  and  to  declrtdty.  The  sympioms  had 
existed  about  two  week^w  *tA  had  come  on  gradually.  There  was  no  eridence  of 
cerebral  difficulty  or  of  Iplnal  ■clemsls;  in  all  other  features,  except  the  numhnesi^ 
and  a  «ligbt  feeling  of  weaknesa,  or  rather  of  ncrroiunes  in  the  arm,  the  patknt  ic 
well 

At  that  stage  (liere  was  no  tingling  or  pricking  lensnibn,  no  neuralgia,  and  m 

We  made  the  diagnosis  of  mcipiecil  writer's  cnnp,  partially  by  exclusion,  tnd 
partially  by  the  positive  lyRiptoma  of  nHmbnea  and  wiatni  in  tht  patti  coBctmed 
In  wriling. 
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FanMUntion  with  spangn  ud  ihc  met&llic  brash  gave  immediate  rtUer;  tht  fim 
flltmg  did  much  lovard  mtonng  rhe  wnution.  In  nine  diys  lire  applicatlont ; 
only  th£  lut  pKilaRx  of  the  inrl ex -li tiger  reiDAineii  oiuetthetic.  T hit  part  watotAli- 
tiale  Ihrotighool,  cjpceUlly  on  the  vciy  lip  of  Ihe  liDgcr. 

The  |])ttient  nuv  fell  that  he  wAt  well,  anddoKd  hit  viiili,  still  working  lu  ustia) 
with  his  pen  on  bax4  lu  ever  almunl  sXl  iLa<r  long. 

December  7th  he  returntd,  with  a  rrtyrn  of  the  symptorai  of  nnmbnen,  compli- 
cated wltb  pricking  nod  tincfini;  Eenutii>ns,  nearal^ia  of  the  ann,  and  {[Kal  debility. 
Long  writioE  cnnied  great  unea»ine«. 

Abiclutt  rttt  from  writing  was  noir  dcmiinded,  and  the  patient  obeyed,  «ill  tiring 
his  lirain,  but  emjiloytng  a  iccrclttry.  Again  he  bewail  to  improve  under  pcriphcnU 
faradisation  and  galvariLMtion,  and  galvanisation  of  the  upper  part  of  the  ipine  and 
cervical  sympathetic. 

Juiiiary  1,  1S73,  he  was  very  mtich  belter — bdeed,  nearljr  well.  That  day  ha 
dip^wil,  and  fell  il<jvm  ihe  «iep«  ofhl*  house,  and  struck  on  the  hand  and  ilioulitcT  of 
Ibc  afTecied  arm.  The  >>hcck  lamed  him  e'^''s  ^"d  caitneH  for  a  long  time  uifihea 
and  much  pain  of  the  shoulder. 

The  electrical  treatment  wai  renewed,  January  i^ih,  and  continued  etery  other 
day  during  the  month,  with  cfitisfnctory  results.  The  enforced  rest — for  the  patieat 
waa  oonfined  to  the  houK— co-opcralcd  with  the  electriciU  iTCatmcnL 

TortieeUis  ( Wry-neck).— T\i\&  familiar  disease  consists  in  a  spasm  of 
tite  muscles  of  the  neck,  by  which  the  head  is  drawn  to  one  side.  The 
spastiiB  iitay  be  tonic  or  clonic. 

Although  the  pathology  of  the  disease  is  obscure,  it  is  yet  quite  clear 
that  it  is  of  a  nervous  character.  More  than  by  any  Olher  Cftitse,  it  is 
lirotight  on  by  excessive  mental  labor  or  anxiety.  T^e  symptoms 
usually  come  on  gradiialty  ;  the  muscles  of  the  neck  on  the  side  towat^ 
which  the  neck  is  turned  are  soiiietiiaes  Habby  and  atrophied,  and  the 
mjscles  on  the  olher  side  arc  hard,  lurapy,  and  enlarged.  Frequently 
the  deeper  fiuiscles  of  the  neck  are  involved,  as  well  as  the  stcrno* 
clcido<niastoid  and  trapezius.  The  spinal  accessor)-  nerve  would  ap- 
pear to  be  at  fault.  The  condition  is  really  a  kind  of  ^*  partial  ehoreai' 
analogous  to  writer's  cramp,  /aciaJ  spasms^  spasm  of  the  eyelid^  and, 
like  all  these,  is  usually  very  obstinate,  except  in  the  mild  form  and 
early  stages.  T/te  disease  is  frt^ently  brought  on  by  exeiiemenl  or 
lecrry. 

/?Mfnoji>. —The  disease  should  not  be  confounded  with  common 
stiff-neck  that  is  caused  by  rheumatism  of  the  muscles  of  the  neck  and 
is  analogous  to  lumbago.  In  slifT-neck,  whicii  usually  yields  to  fararii- 
zatton  like  other  forms  of  myalgia,  the  head  is  kept  from  moving  by 
the  pain  which  moveatent  causes.  Diseases  of  spine  and  diseases  of 
thebiain  soinctimcs  produce  tonic  spasms  of  the  muscles  of  the  neck 
that  resemble  torticollis. 


TORTICOLLIS  CASES. 
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£ifc/ri£  Examina/iaa.  — On  the  affected  side*  ihe  muedes  son»erimei 
exhibit  increased  electro-muscular  contraclttity  and  sensibilily.  On 
the  other  side  ihc  electro-miiactilor  contractility  is  sometimes  dimin- 
ished. 

Treatment. — Galvanization  of  the  muscles  of  the  affected  side  witli 
rnild  currents,  and  faradization  of  Uic  muscles  of  the  other  side,  galvani. 
zaiion  of  the  sympathetic  and  cervical  spine,  are  the  methods  thai 
should  be  tried  in  this  disease.  They  may  be  tried  simultaneously  or 
in  succession. 

Protracted  applications  are  not  ordinarily  indicated  in  this  affection. 
General  treatment  is  ottly  required  when  the  patient  is  debilitated. 

In  connection  with  the  use  of  electricity,  the  hypodeiniic  injection 
of  morphine  and  counter-irritation  of  ihu  cervical  spine  by  bHstcrs,  and 
mechanical  contrivances  for  keeping  the  head  in  position,  may  be 
uied. 

^ognesis. — In  Uie  early  stages  tunicoDis  may  be  relieved  or  cured 
by  electrical  treatment  alone.  After  it  has  been  established  for  a  num- 
ber of  months,  it  becomes  one  of  Ihc  most  intractable  of  diseases. 
Even  when  relieved  by  trcalmeni,  it  is  much  disposed  to  relapse.  No 
case  should  be  abandoned  until  both  galvanic  and  faradic  treatment 
has  been  thoroughly  tried,  since  it  is  the  only  method  of  treatmt-nr  that 
offers  even  any  hope  ;  and  the  physician  should  :iiot  be  discouraged  if 
the  symptoms  appear  to  be  aggravated  by  the  hrst  few  applicatioits.  but 
should  reduce  the  strength  of  tlie  current  atid  the  leiigUi  of  the  sauces. 
I'he  same  remark  will  apply  to  analogous  diseases,  such  as  writer's 
cramp  and  facial  spasm. 

Tortitpllit  0/ Ifftg  ifnnJitg,  irvagAt  am  fy  effr-fmjSmeMfit  anrt  anxi/ty — Somt  rt- 
ti*/ /rsi» /araiiitatiim  anJ gatvaniuthm. 

Cash  LXXXV.— Mi-  K ,  aged  40,  wm  Mnt  iq  us  June.  1S70,  by  Dr.  WOlud 

Pulter.  For  sevnal  ynn  before  the  attack  appeared  be  ha<i  becc  in  hit  auial 
licalib,  bui  liiu!  bccu  severely  cuufincO  oud  miicli  dutrcwed  by  tbe  cues  of  buaooK. 
The  symptoms  appeared  grndnally;  ihcy  wen  at  lira  dighi,  and  only  developed 
iheir  (uU  force  after  several  wcek&.  WbcD  vre  ftrst  saw  him  he  had  been  wffering 
for  several  mo nl hi.  His  face  wa&  almost  oonManily  liuii«d  toward  the  left  ndc;. 
Ou  the  oppontc  side  the  itemo'clcida  tnutcJc  wa*  conaderably  hypcrtrophicd,  and 
OD  *be  other  fiabtiy.  The  puuCKui  of  hu  face  and  the  vJoleiii:e  of  the  ciintp  were 
ntieh  depcadcDt  on  mental  influence*,  being  aggravated  by  exhauiEioii  or  worry. 

Misctrit  txamiHotisn  bhowcd  increase  of  eleetro-maKtilar  contractility  in  the  af- 


*  It  ahouM  be  coiuidcred  that  tbe  stcnKt-clcido-maxoid,  as  it  pulls  the  back  of  tha 
ktad  toward  iK*  tAoit/Jtr,  hiriu  ti*  /aet  tn  an  epfontt  JirHtien,  Tkt  /ate  lAerf 
/tn  ii  tariud  amay/rcm  iJu  ajfttltd  mtuelt. 
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fect«(l  tide,  uid  dlmuiDCloD  on  ihe  opposite  side  (towinU  wbtdi  tlie  &ce  was  tsrcwd). 

Ctierul  csamituition  rcvral^l  no  evidence  of  disease  of  the  verlcbne. 

The  ]nCieiit  was  tr^ttd 6y  JlMe galtattiMOlUm  0/ lAf  JiyfitrtrofAia(  aftJ  kardtiwd 
IrMfi-iV,  hy  tpinal-sard  iratktaJ  pJexHJ  currtnt,  iy  gatvaHtxalian  of  the  tymfallulie 
ittuf  t/'ite,  Av  farttdiuUinK  o/  Ihr  fiahby  muitUt  of  ih^  affatiU  titft,  and  hy  genernl 
fAra4ttation.  In  three  wceiu  tlute  wsu  pusUivc  but  nut  nwked  impiuvniuint  j 
there  was  decnua  of  the  hypertrophy  uf  the  mtiKte  and  sooie  diminuiign  of  the 
»pii«m. 


TortUoUU  tf  a  monik't  duration — RafiJ  retWfry  undtr  letal  faraditatifit. 

Cask  LXXXVI,— Mim  B ,  aged  20,  w»iidireil«l  to  us  by  Dr.  W.  W.  }aae%, 

of  New  Vurk.  A  month  prcviotis.  she  cftught  cold  in  (he  neck  Iroai  a  drauifltl  of  ur 
while  U  a  concert.  For  a  week  subsequently,  siic  would,  every  few  inonicntK,  ia- 
volunt&rily  turn  her  he<d  lo  the  right,  until  Anally  U  becimc  fixed  ia  this  poaiiton. 
Vvom  tlir  fact  Oiil  ihc  wii  »ul  [irrvcntcd  Tmin  turning  her  head,  umply  from  {>ain, 
and  that  when  it  wa.i  hiou^ht  lo  the  jirapec  poxitiun  by  faiadiciRg  the  mtit^lc^,  i>a 
pain  wa«  cauied,  we  concluded  ih^t  we  h*d.  n^  to  dc^l  wiih  a  canimun  stiff  ucck  re- 
sulliitj;  from  rhcitmaliMn,  but  witli  lonit;  ^a^m  of  o  ticrvou*  glinrader.  Tlie  niucdei 
of  the  nectc  on  the  side  towards  which  the  head  vtas  turned,  had  appreciably  atrophied, 
while  on  Ihe  nppi:i«le  side  llicy  were  hard  and  enlarged.  These  latter  riusctes  ex* 
hiliitctl,  as  usual,  increased  electro- muscular  contiacttlily,  while  on  the  ti{;ht  side, 
towards  wtiicK  the  bead  wa«  turned,  contractility  was  dimLnithed.  Tlie  above  pbe- 
nomrna  reptpwnt  fairly,  wc  ihink,  what  are  usually  ob»er%'eLl  in  the  earlier  slaije*  o( 
tlie  di*eaw.  and  the  foIlowiiiK  treatment  b  ty|>ical  of  what  wc  haTC  successfully  ein- 
pluyeJ  ill  a  niimbcT  of  similar  cases.  At  etch  sitting,  the  tmisdes  of  the  left  ode 
<those  thnt  were  lirije  and  prominent)  were  (ubmitlcd  to  mild  gal  van  i  rati  on  fur  a 
moment  or  in,  while  the  coiKracCcd  olerno-cteido- mastoid  muscle  of  the  right  side, 
toward*  which  ihe  hexil  wa*  incllTietl,  wat  faradiied  with  suJScient  force  locaus*  a 
relasatiun  of  muscular  fibre,  allowing  the  head  to  turn  gradually  to  its  natorat  posi- 
tion. Upon  removing  the  electrodes  after  the  eorrenl  had  passed  severa,]  minatcSa 
the  head  would  retain  its  poniinn  withonC  the  con'xioiis  aid  of  Ihe  parieni's  wlU. 
After  an  interval  nitatnc  five  minutes,  it  would  again  turn  to  the  ri^^hl.  The  patient 
n^iidly  improved,  and  sflcr  two  months  of  trentmenl  hod  quite  lecoTcied. 


Paralysis  Agitans  [Shaking  /\iV>)').— There  »re  two  kinds  of  shak- 
ing palsy  :— 

I  St.  Those  with  organic  hsiens. 

Sclerosis  of  3ome  fomi  is  the  pathological  state  that  untally  gives  rise 
to  the  symptoms  of  shaking  palsy. 

3d.  ThMi  where  no  lesion  can  be  discovered.  • 

These  arc  ustially  styled  functional,  although,  like  hystena,  they  may 
be  supposed  to  depend  on  some  tnolecular  derangements  whicli  are 
not  revealed  to  the  microscope. 

Ihe  disease  may  be  local  or  general ;  it  may  attack  one  limb,  or  the 
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lower  jaw,  or  <Ii  four  extremities.  It  is  most  frequent  in  the  aged,  but 
U  sometimes  observed  in  middle  life,  or  in  the  young. 

Triatment. — Central  galvanization  and  getieraj  faradization,  foi 
general  effects,  may  be  uied  in  shakiog  palsy  with  benefit.  The  bcsl 
results  have  been  obtained  by  galvanization  of  the  spine  and  sympa 
thctic  and  brain. 

Prognasis. — Cases  where  all  the  limbs  are  affected  are  never  cured 
by  any  method  of  treatment,  especially  in  the  aged.  Cases  in  which 
only  one  limb,  or  one  upper  and  one  lower  limb,  are  affected  are  some- 
times benefited,  and  in  rare  instances  cured.  Temporary  relief  can 
sometimes  be  obtained  where  no  t^cnigajicnt  benefit  results.  The 
Ircmor  of  the  linib  is  sometimes  abated  or  completely  arrested  for  one 
or  more  hours  after  the  application  either  of  general  faradisation  ot 
^naniiation  of  the  spine,  and  in  rare  cases  entire  rccovt-ry  occurs. 
Dr.  Russell  Reynolds  has  reported  a  cure  by  llie  galvanic  current.  Re- 
cently Jules  Chiron,  of  Fans,  has  published  the  results  of  galvanization 
in  7  cases.  Of  these  2  were  cured  ;  2  were  much  improved  j  and  3 
were  much  improved  in  their  general  condition,  but  not  in  the  tremor. 

A  tart  of  pahy  mgUaMM  aspxinttd  vitfi  }pmrmodu  mutrmtar  eoHlraetioM  amtt  neurat- 
{k  paint — ApprojcimaU  rtlief  from  tentral  galvamwtion  wtJ gtHeral /arodiMa- 

Ca>k  LXXXVII.— ..Uis.  M.,  afcil  50,  applied  luutrnT  the  relief  of  ftditordcTof 
which  ihc  following  were  [he  main  symplonib  These  sytnpiomt  had  bent  alini»t 
coDttant  for  mare  ihta  fifteen  months: — 

The  piiicDt  wu  to  cxcMflin^y  ftebk,  IbX  i  wMk  of  a  fevr  hlockf  canwd  eomplele 
cvhiusiion. 

Kennlgic  paini  in  the  face,  rifrlii  ■rm,  anil  side,  were  canttant  Alihoi«|;h  varjiing 
in  tntCRHly.  SomclinLcx  the  dUtrcw  wai  for  haur«  moM  exciuclatiiic  sniJ  then  ta 
inletnl  of  m(  wuulil  ot:cw  111  wkidi  (he  pain  wu  bartljr  appreciable.  I'ain  along 
the  »pine,  but  no  tenderuento  prcsurc.  Tbenioit  aniiDying  xymp lotos  were  frequent 
■pumoiiic  conUaclions  of  the  miucln  of  the  neck,  while  a  constuil  anil  ince<>unt 
trcmbljnf*  ofihch&ndB  during  the  wakin[;hDnr£  raidc  with  the  rut  a  amplication  of 
■jnnplotns  Ihai  pointed  to  stnicinral  change  of  the  upper  portion  of  the  cord.  Cen- 
titl  gnlvanlxalion  wai  in  this  cue  alternated  with  gaieral  farad ibtt ion.  So  far  ai 
the  (pounodic  cuniracliimk  of  the  muscles  wcie  concerned,  the  c(fci.i  wu  inuiieJLitc, 
being  foUuwccI  by  cami^Iele  and  pemiaiieul  relief. 

^K  neuralgia  wa>  gradually  diiprllnl,  and  the  Imnbting  ot  Uultitig  in  the  courM 
of  two  months'  treatment  so  bcnefiicd  as  to  be  bardl/  noUceable.  Utulng  the  sum- 
tner  that  followed,  the  patient  wat  klmoit  eitlrely  free  from  eTcry  nnpleuaat  qmp* 


Umiiatrral  f^^fytil  agilani  in  a  mttn  agrJ  tixtyyrart — Vrry  dttidtd  »Ufvi9tion  of 
lymplami  mnder  tentral  gohaniituifi. 

Case  L-XXXVIIL — Mr,  Jamet  A..^£«d  ual)>  years.     Suflerintc  from  unUaierol 
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pals^  agitOBf  of  the  left  tide.   Was  placed  under  our  care  by  Or.  Anctrewi,  of  Utica, 
Angvst  1,  1S70. 

The  fint  symptorav  of  this  dbenw  became  muiireti  in  October,  1869^  and  gradii 
alljr  tocrcflscd  in  scvn  ity  antit  Jonuuy,  1S70,  an'x  which  time  there  had  been  n« 
appredible  aggnrnlioa  vf  his  crmdiiion.  The  patient  vras  a  mechanic,  occupied  al 
mcMt  eoosUailjr  in  filing  »wa,  anil  It  wai  his.  Ann  impression  that  the  peculiar  infla 
cute  iruiimittoj  to  the  cord  b>'  itic  ttcaily  Kr.ipe  of  the  Ale  wai  an  imporlAiu  Tactuf 
in  the  production  of  tlic  disease.  Hotrevcr  thit  may  be,  it  wa*  certain  that  he  wili 
now  unp-ble  lu  uic  hii  &1<  a  mometiL  wilhuul  cauwig  mott  disa^^recabLc  fcciioipb 

We  cuJiyccL  a  (inv  applicaliuiis  uf  ^neial  fanuUintion,  but  a*  it  Jul  nut  >eem  la  al 
lay  ojiy  of  the  disagreeable  fe.tluics  of  the  liiteaM.*,  we  retorieil  to  veniral  galvanlia 
lion.  After  v.  few  applk-alioits  to  Die  brain,  fympdlheUc,  au<l  !>pliMlcOTd,  the  speech, 
which  wiui  deddnlly  affHried,  w  that  he  stuttered  and  heutatcd  in  every  eSbn  to 
talk,  became  perfectly  normal,  and  he  was  no  longer  annoyed  by  tC  For  many 
monllik  he  had  been  unable  to  *lcep,  unless  tying  an  the  back  with  the  artni  prencd 
to  the  nde.  In  four  week>  he  was  able  to  sleep  with  perfect  comfort  in  any  poii- 
t^^^^^, 

The  patient  leujuined  under  ubwrvatlou  same  three  moathi^  uid  received  in  all 
about  twenty  live  t4));>licaiion>L  He  improved  in  hb  geaeral  oonditlon  very  decidedly , 
tlie  ftnn  and  leg  became  much  stronger,  aod  the  shaking  rooremcnU  dficreajed  a 
icveritj  at  tcasi  fifty  per  cent.     Farther  than  tht&  we  were  pow«rlest  to  aMit  htm. 

Asthma. — Asthma  U  ooe  of  the  conduions  for  which  it  would  be  sup- 
p08t:d,  Apriori,  that  electrization  might  be  of  service ;  and  yet  the  published 
records  of  successful  trenunent  are  not  very  extensive.  One  of  the 
earliest,  if  not  the  very  earliest,  expcnmcDters  in  this  deparDuent  was 
Dr.  Wilson  Philip,  who  began  his  reseajclies  in  electricity  in  the  early 
psirt  of  this  century.  "  By  transmitting  its  influence  (galvanism)  from 
the  nape  of  the  neck  to  the  pit  of  the  stomach,  he  gave  decided  relief 
in  every  one  of  twenty-two  cases,  of  which  four  were  in  private  practice, 
and  cigiiteeri  in  the  Worcester  Infirmary.  The  power  employed  varic<l 
from  ten  to  twenty-live  pairs."  'Jlie  treatment  which  is  theoretically 
indicated  is  galvanization  of  the  pneumogasthc  and  sytupalheiic 
Bcnedikt  mentions  a  case  successfully  treated  by  Uiis  method. 

The  methods  wc  employ  in  asthma  arc  galvanization  of  liie  pneu- 
mogastric  and  cerebral  galvanization,  and  usually  with  temporary, 
though  not,  aa  a  rule,  witl;  permanent  bene6t. 

The  faradic  current  is  sometimes  effective  in  affording  temporary 
relief  after  failure  of  Ihe  constant  current.  In  several  cases  that  have 
fallen  under  our  observation  persistent  faraduution  of  the  chest  and 
neck  has  been  followed  by  marked  relief. 

Attktma  trf  three  menth^  staHttimg — A/^aretU  recevtry  under  ioealiaeJ gnhamiuH»m, 

Ca^k  LXXXIX.— Ann  M.  C,  treated  at  Danilt  Dtipciiiary,  had  her  fint  attack 
of  asthma  three  monthti  before  wekiu£  electrical  treatment.  Evcr^- few  day*  thereafter 
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a  fttroij-im  of  c<mt)(lcnil)l«  Kverity  irould  proitrate  h^r.  Bcrore  the  onwt  o(  Itic 
alUdt  »he  bivarUhly  expeitenced  •  cold  miution  beiwc*o  lh«  Ahouldcr^  The  « 
pccioriliiin,  which  to  toon  u  *he  cut  throw  aS  afFurth  relief,  tad  the  appcaraiiM  of 
PHiiled  sl&rch.  Tlie  ttnell  of  conking  alwii^r*  hftitcncd  an  Btturk.  The  patient  wu 
trratcil  ftom  May  i8,  iSyi,  until  June  I7[ti,  hy  the  melhod  of  locKlited  galraniuliim, 
wl>«u  she  wuditchar)^  aipparenlljr  cured. 

Aithma  9/  many  ytar/  Handing — DrriJed  ttmporary  relit/  frem  Ixat  /fadtta- 
tun — /fafrrmanent  btiujit. 

Cask  XC  —June  so,  1871,  we  Ireated  an  old  gentlenian,  a  paliait  of  Dr.  John 
T.  Metcalfe,  for  a  chronic  ailhmatif  dtHtcully  of  minj  years'  itanding.  He  wat  inh- 
mitted  moslly  lo  galvanUaiion  of  the  Rieal  tympallietir,  {ineumogattric,  and  )>hrrnio 
nerve*,  but  ihe  only  'lecirfnl  relirf  ndtained  was  frora  simple  runvlualion,  ihc  |v>mijv« 
pole  Wine  plAC«d  U.  the  back  of  the  neck,  and  the  nc^tivu  just  above  the  ttermim. 
I'hit  methtxl  caused  R  mosi  plttMat  relief  Trum  dl.'icoinC)n  oa  awakening  at  night. 
No  pennuicot  benefit,  however,  wis  iffonleil  by  the  Ireatment. 


AfuscuJar  Contratticns. — These  vaxj  arise  in  hysteria,  in  myelitis, 

rneiiingitis.  and  spondylitis,  diseases  of  the  cerebrum  and  cerebellum, 
or  ihcy  may  be  of  a  reflex  character.  They  exist  sometimes  in  neuritii 
or  rheumatism. 

The  treatment  consists  in  periphei^l  galranization  or  faradization  of 
tht!  aflected  muscles  or  of  their  aotagonists,  with  stable  ciirrettts  and 
galvanisation  of  the  head,  spine,  and  sympathetic,  according  to  the 
s]icdal  indications. 

The  prognosis  is  usually  tinfavorable  for  alt  except  the  rheunutic 
cases. 

Faeiai  S>pasm. — This  affection,  which  Is  not  unfrcqticnt,  is  usually  very 
obstinate  against  all  treatment.  The  treatment  is  gal  van!  nation  with 
the  spinal  cord  mt  I  scic  or  ncrve-mtiscle  current.  Recent  cases  may  be 
cured  by  the  application  of  the  galvanic  cuneDt  to  the  branches  of  the 
fifth  pair.  Long-standing  cases  may  be  temporarily  relieved,  but  are 
rarely  permanently  cured.  Rcmak  repotted  success  even  after  the  con- 
dition was  very  chronic. 

Dysphagia  from  Sfasms  of  the  Pharynx. — This  symptom,  thou^ 
sometimes  the  resiiU  of  organic  central  disease,  is  not  unfrequently  of 
a  piucly  spasmodic  character,  and  as  such  is  amenable  to  electric  treat- 
ment, either  by  external  or  internal  applications.  The  method  we 
adopt  for  such  ciscs  is  (o  place  one  pole  on  the  bfcic  of  the  neck  and 
Ibc  olher  just  above  the  sternum,  or  by  the  inner  border  of  the  sterno- 
c'tetdo-mat^toid  muscle.  If  this  method  fails,  internal  applications  may 
be  made,  by  means  of  a  catheter-shaped  electrode,  against  the  constric- 
tors of  the  pharynx.  Some  cases  yield  with  surpTising  readiness  to  cx- 
32 
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temal  treatment.  Cases  dependent  on  central  disease  are  usu3.11y  quite 
lebellious. 

A  case  of  this  kind,  in  which  the  food  was  returned  through  the 
mouth  or  nose,  was  cured  by  Hiffclsheim  by  galvanization. 

Heffetsheiin  has  recorded  a  case  of  excessive  and  obstinate  vomiting 
that  was  cure<I  by  five  applications  of  the  galvanic  current  to  the 
pneumogastric 

PytfAagia /rem  tpatmodk  oftioa—Feeavtry  /rMn  laeiUiud  /araJitati*n,  Iviee  rr- 

Cask  XCl  — An  oU  Udy,  iged  nwirly  70,  wu  sent  to  ii«  by  [)r  Fi>nly«  Bur- 
ker.  Slie  had  for  some  Tnonilis  been  annoyed  by  inucli  dilTiculiy  In  Itic  ace  of  swal> 
lowing,  ond  wa«  npprehen«v«  of  kUlTocaiton  on  account  of  lh«  tendency  of  food  to 
lodge  in  lYit  fcMipJiagns.  LocjiliMd  fsradizatton.  repeated  tmce,  completely  relieved 
the  spAsiiiodtc  icndcDcy,  and  cnibk-i]  l)ie  puticnl  10  cat  without  tasar  of  consccjacncca 
So  fax  Ki  we  are  aware  tfae  relief  wu  permanent. 

Singultus  {Ilicccugh). — This  symptom,  when  it  becomes  permanent  1) 
annoying,  may  be  treated  by  galranizaiien  of  the  sympathetic  and  pneu 
mogastric.  We  have  treated  in  this  way  two  very  obstinate  taises  with 
out  benefit. 

Tetanus. — Ur.  Mendel  has  reported  two  cases  of  tetanus  successful!) 
treated  by  the  galvanic  current.  He  used  various  methods  of  applica 
tion,  central  and  peripheral.     Immediate  relief  followed  each  applica 

The  conclusions  at  which  he  arrives  from  his  cases  are  that  a  mild 
current  should  be  applied  to  the  affected  muscles,  without  r^ard  lu  the 
direction  of  the  current,  although  the  positive  pole  should  be  applied 
to  the  antagoniafi. 

Hydrophobia. — The  disease  is  so  rareiniisocairrcnce,  and  so  rapid  in 
its  conrsu,  that  elcclriiral  treatment  even  by  its  most  imperfect  methods, 
has  had  almost  no  chance  to  be  tested.  The  suggestions  that  we  have 
to  offer  are  therefore  of  necessity  based  on  theory  and  analogy,  and 
experience  in  the  treatment  of  other  and  more  or  Icwt  allied  diseases. 

The  best  method  of  using  electricity  in  a  cine  of  real  or  simulated 
hydrophobia  vvniikl  be  to  place  the  negative  pole  of  the  galvanic  current 
at  the  pit  of  llie  stomach,  and  apply  the  positive  successively  at  the 
top  of  the  head,  the  nape  of  the  neck,  {central  gah-anization),  over  the 
region  of  the  pneuniogastric,  and  down  tiic  spine,  Jf  the  galvanic  cur- 
rent cannot  be  obtained,  the  faradic  (electro-magnetic)  might  be  tried, 
although  il  would  probably  be  less  efficacious.  Mild  or  moderate  cur- 
rents would  be  likely  to  do  more  good  than  very  powerfiil  currents,  and 
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theie  should  be  intermissions  in  the  Ireatment.  During  these  inter- 
missions ice-bags  miglit  be  applied  to  the  spine-  We  should  not  expecl 
that  this  treatment  would  cure  real  hydrophobia,  but,  if  faithfully  used, 
it  would  greatly  relieve  the  horrible  agonies  of  the  disease,  and,  eilhei 
alone  or  in  connection  with  orher  treatment,  would  be  likely  to  prolong 
life.  Electricity  has  never  yet  bad  a  fair  trial  in  hydrophobia.  Schi- 
vaidi,  who  kept  one  of  his  patients  alive  several  days,  used  only  a  par- 
tial and  imperfect  method,  and  no  other  Ireatment,  so  far  as  is  known, 
has  been  so  successful. 

Hydrophobia  is  one  of  the  very  few  diseases  in  which  it  is  better  to 
use  electricity  blindly  and  imperfectly  than  not  to  use  it  at  alL  There 
are  two  considerations,  however,  that  are  somewhat  discouraging : 

1.  The  spasmodic  afTcctioiis  that  most  cluiiely  resemble  hydrophobia 
and  witJi  which  it  is  sometimes  confounded — epilepsy,  tetanus,  etc — 
do  not  yield  readily  and  permanently  to  electrical  treatment.  Great 
benefit  can  be  derived  from  a  proper  use  of  electricity  in  epilepsy,  but 
very  rarely  a  permanent  cure. 

2.  To  get  the  bext  results  of  electrical  treatment  time  is  necessary. 
Save  in  the  resuscitation  of  the  drowned  or  as[)hyxiated,  and  the  tem- 
porary relief  of  ]iain,  eleclricily  accomplishes  its  great  cures  slowly. 
Hydrophobia  runs  its  course  rapidly,  and.  in  its  incipience,  is  not 
usually  recognized.  The  ouly  hope  that  real  hydrophobia  could  b« 
cured  by  electricity  rests  in  the  pofisibitity  that  it  could  relieve  the 
sj'mploms  and  delay  death  through  its  powerful  sedative  influence,  50 
that  there  would  be  more  time  to  act  upon  the  nutrition  of  ihe  nerve- 
centres  either  by  a  continuance  of  the  electrical  treacraent  or  by  other 
methods.  There  is  reason  for  the  belief  that  some  at  least  of  the  cases 
of  so-colled  hydrophobia  are  of  ao  hysterical  diaracter — are  brought  on 
by  fright  and  dread.  The  only  safe  course  is  to  treat  such  cases  a« 
though  they  were  genuine  cases  of  hydrophobia.  The  roost  brilliant 
results  of  electrical  treatment  are  obtained  in  hysteria  and  allied  di- 
seases, and  notably  in  hysterical  convulsions,  and  it  is  quite  probable 
that  the  hysterical  symptoms  of  hydrophobia  would  yield  to  the  same 
remedy.  The  result  of  the  treatment  would  help  soutewh.it  the  diagno- 
sis. If  ll^e  patient  entirely  recovered,  the  probability  that  the  case  w.ii 
of  an  hysierial  nature  would  be  strengthened  almost  into  certainty. 
Inasmuch  as  one  or  two  of  the  recent  cases  were  probably  in  part  hys- 
terical, and  as  the  disciissiou  of  the  subject  has  caused  our  sensitive  and 
highly  nervous  people  to  dwell  on  this  dreadfiil  topic  day  and  night,  it 
is  not  impossible  that  other  cases  of  a  like  nature  may  occur. 

Stammering. — Dr.  Althaus  succeeded  in  curing  a  case  of  stammering 
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of  five  years'  standing,  in  a  lad  nine  years  of  age,  by  the  application  of 
che  galvanic  cuncDt  to  the  laryngeal  nerves.  The  applications  were 
made  twice  a  week  for  two  monllis. 

Epilepsy. — Epilepsy  is  one  of  the  diseases  for  which  electricity  in 
some  form  or  other  has  been  used  fnr  many  years,  though  with  rather 
uncertain  and  capricious  results.  The  method  of  treaxment  that 
promises  moat  in  this  disease  is  central  galvanization.  Another 
method  is  to  place  one  of  the  poles  over  the  point  whence  the  aura 
proceeds,  and  the  other  over  the  nerve-centre. 

Temporary  relief  can  be  obtained  in  very  many  cases  of  epilepsy  by 
electrical  treatment.  The  intervals  between  the  attacks  can  be  greatly 
lengthened,  and  in  a  certain  proportion  of  the  cases  the  results  are  be- 
lieved to  be  permanent. 


J*tH(  mial.'^-M'aritd  temporary  retitf  froim  gtntral  faradUati»H  and  gatvonitaticn 
of  tympaSkHU^Rthfu. 

Cask  XCIl.  — In  nnecMc  of  "petit  timl,"  otcuiTing  in  a  Iwy  lomt  \y^ta.T\at 
■gc,  ih«  bromiilc,  given  in  ilo»*of  iog*i^  ihrw  (iin«  a  fUf,  acteil  charminiily.  Tbe 
paroxysms  which  for  nnrly  two  ycBr^  tiud  occurrct  from  siic  to  ten  Umes  aday,  wen 
immedistcty  reduced  to  une.  two,  and  tliree  in  the  twentir-rour  bonrs. 

Tbu  Lmprovcmcnt  wu  manifest  (or  nearly  a  month,  whcD.  notwtihKaoding  the 
iBoreueH  riniei  of  bromidf,  the  paroxysms  ^rsiiually  increased  in  frwjnency,  aniii  tbe 
patient  was  rcmiMcd  umonsctous  hy  ihern  u  olten  a*  before.  We  now  rc«orted  to 
Ijencral  cicctitulioa  with  tbe  Taradic  current,  and  occaiiunaHy  to  galvantiatian  of 
the  lympalhetic  SiiiEuUrly  cnoujih.  liic  result*  Ihal  fuHowed  were  inlntantiaUy  tbe 
ume  OS  ihone  ohtntned  frDin  the  admiiiiitiatton  of  the  brnDtide  of  poticnuni.  For  > 
few  weeki  tlic  frequency  of  ihs  eiiilcptic  tanrea  was  raduced  to  one  and  two  a  day, 
wbeti,  notwitliitandicis  every  etlorl,  ther«  wai  a  Hcoiid  relapM  to  I1I5  ol<i  coiutitioo. 

The  hoy  evidently  inherited  a  very  decided  nervous  dlatherds  but  the  cmting 
cause  of  ihe  aliacka  w&s  asi^nbed  to  a  severe  fall  some  weeks  before  the  niuiife^atioB 
nf  the  tint  paroxysm. 

Epittpty  vf  ttttftn  ytmri'  standing — Ptriaditai  aiiatkt — Imfrcvmunt  in  itttp  and, 
mtnlai  ti>ndiltim,  amd  diminvtifH  of  atlaeks  und*r  gtMtrai faradiuttic^ — NttMmg 
further  gained  by  galvanitathn. 

Cask  XCIII.— W.  H.  V.,  a  lad  aged  16,  began  fim  to  suffsr  Iroio  epjlcptie 
Kttures  when  but  five  yews  old. 

For  the  first  live  yean  the  attacks,  consisting  of  a  number  of  fits  in  rapid  sdccm- 
H-3n,  occurred  every  five  or  rix  wcekt.  From  his  eighth  (o  his  fifteenth  jtM  the 
paroitysms  increa&cd  in  frequency  nnd  severity,  until,  at  the  date  of  !ii»  vl^it  to  u«, 
the  a.ttftck»  reciiired  every  weetc 

It  wa.«a  noiiceahte  fact  that  for  the  last  year  the  patient  had  alRtosI  invaiiably 
vufTcj  cd  frotn  Ihew  epileptic  settures  on  Saturday. 

The  liay  had  grown  Kivttbly  weaker  both  m  mind  and  t>ody,  and  WU  cxonsn^ 
irritable  and  cnpricioos. 
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Treaiment  wm  coinmcnce<l  by  general  r«adiinlion,  with  spedal  reference  to  the 
best)  and  t^ime. 

Unier  this  trcaimcnt  Uoep  l>ocune  more  loanc)  and  rerrethJRg,  and  the  mind  c&lmn, 
while  tbe  usual  paroxyun  was  Jelijrcd  iiniU  Ihc  Tliundxy  following  the  rrguUi  lime 
for  Its  recurrence.  The  general  cundiliun  ot  tlie  patient  conlinticd  lo  liupruve,  ui<l 
«  »ecoRd  attack  wa»  delayed  four  wrccliv  Me  rcmaiticd  utidet  vbtervAtion  tone 
muRthii  longer,  having  a  paroxysm  (Tar  lew  Kvcre,  however,  than  formerly}  aboui 
every  four  wccK  The  ijalvaiiic  cuneiii,  variously  Uacd,  seemed  lo  accompliah  noth- 
ing tliai  kul  not  already  been  obtained  by  the  faradic.  The  ca«e  M)i>n  after  paued 
from  our  wuc,  aiul  wlielbct  rctaptca  have  ciccuried  wc  have  uut  been  able  to  aicer- 


EpiUfiy  ef/tt  ytart"  standing— Apparmi  rrtavtry. 

Cask  XCtV.— Mil«  W,,  aged  30.  came  to  ui  Novembci  4.  1876.  with  the  fallow- 
ing hittoty :  In  [tie  early  part  of  iS;i  «hc  had  hef  fit«t  aliiick  in  the  night,  wbile 
asleep,  bm  fur  a  year  previous  bad  t>ccauui»  uf  I^injj  in  a  ilajKd  cundilion  witb  great 
con&uion  of  netnory. 

It  is  05  well  to  ktaie  that  llicrc  had  been  all  alonj  in  her  cate  a  itron^  bytiencal 
element  tlui  iafrci^ucuUy  ai^gravatcl  by  surroniiLfini;  iiiflueiwes. 

The  attairk'i  for  awhile  occurred  un.c  in  abuiil  M;vcti  Mcek\  and  furllter  on,  in- 
Stead  of  a  ^jnijlc  parunyMn,  »'ic  woutO  have  two  and  KomriimeK  ihree  in  ibe  nucceed- 
iQg  Iwenly-fuur  houn.  Later  tiill.  the  aliackf  became  at  frequeni  »  once  a  month, 
with  wn«  or  two  longer  intervals.  We  learned  that  Dr.  Geo.  J.  Fisher,  of  SiriB 
Sing,  had  formerly  been  her  physician,  and,  in  atiiwer  to  a  letter  of  int|uiry.  lie  in- 
formed u&  chat  the  patient  had  been  utuln  his  care  for  a  long  tiote. 

He  had  given  licr  tltc  bromide* of  potaWvin  and  soda  (of  each  tOgri.)  ihtee  tuna 
a  da^.  This  sbe  Had  taken  for  Kveral  years  ajid  was  still  taking  when  iJie  Ltnie 
under  our  care.  DniinK  the  month  previous  she  had  three  attacks,  and  wav  feeling 
certain  premoniiionK.  which  «he  dcwhbol.  whm  we  submitted  her  to  the  additicnal 
treatment  of  the  electricity.  We  did  nol  feel  justifie<t  in  divontinuing  medicine,  but 
m  order  to  give  her  cTcry  chance,  snlRliluted  for  it  the  fotinula  of  Brown  SCquard. 

The  lulicnt  wrai  exceedingly  nervous  and  despondent,  and  it  tra*  evident  ibat  if  in 
no  other  tvay  electricity  might  prove  of  wrvice  aa  an  aiQlUict  to  allay  iriiinbtlily  and 
•■  a  general  tonic. 

We  treated  her  every  other  day  for  three  montha,  alternating  central  galvuiiiation 
with  general  faradLKaii^n.  We  then  gawc  her  an  icfterval  of  rest  for  three  mnnlh^ 
during  which  time  stic  had  an  attack,  occurring  a  little  more  than  six  miinlhi  from 
the  last.  After  a  second  three  months'  treatment,  we  allowed  another  interval  of 
reiiT,  and  again  treated  her  for  three  months.  She  has  not  had  a  second  attack,  and 
as  two  years  have  ;>asied.  <)uring  which  she  has  had  but  one  scirure,  we  are  hu|xful 
of  ubjinaie  results.  It  U  worthy  of  note  that  since  ihc  two  methods  of  treaimcnl 
have  been  combined  the  biomic  acne  ha:*  very  coiuidcrably  lessened  and  at  times  if 
hardly  perceptible. 
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These  are  several  theoretical  considerations  that  would  lead  us  to 
suppose  that  electricity  might  be  of  service  in  the  treatment  of  (Useases 
of  tlie  skin : — 

1.  Fain  and  itdiing,  Dftentiiues  of  a  very  distressing  character,  accom- 
pany many  of  the  diseases  of  the  skin,  and  of  all  the  known  methods  of 
relieving  and  curing  pain,  electricity  is  one  of  the  most  satisfactory.  If 
the  application  of  the  galvanic  or  faradic  current  may  bring  relief  in  head* 
aclie,  in  spinal  irrilalion,  in  the  various  forms  of  neuralgia,  in  rheu- 
matism and  in  sprains,  why  should  it  not  afford  simitar  relief  in  the  toj- 
nieiiting  agonies  of  psoriasis,  eczema,  and  prurigo? 

2.  Ulcers,  sinuses,  and  bed-sores  have  long  been  treated  by  the  gal- 
vanic and  faradic  currents,  with  gratifying  success  ;  and  it  would  be  nat- 
ural to  suppose  that  the  ulcerous  conditions  of  some  of  the  diseases  of 
the  skin  might  similarly  be  benefited. 

3.  Tumors  and  morbid  growths  of  %'arious  kinds  arc  discussed  by  the 
electric  currcnis,  and  especially  by  tJic  galvanic  current,  and  it  would  be 
reasonable  to  infer  that  cutaneous  indurations  and  hypertrophies  might 
be  discussed  or  diminished  in  a  similar  manner. 

4.  Those  who  hold  the  theory  that  some  of  the  diseases  of  the  sVin 
are  of  a  nervous  origin,  or^re  in  some  way  intimately  dependent  on  the 
brain,  spinal  cord,  or  sympathetic,  would  find  still  another  dieoretical 
argument  in  favor  of  introducing  electricity  into  dermatology,  since 
nervous  diseases  have  long  been  regarded  sa  par  exctUenee  the  diseases 
most  amenable  to  electrical  treatment 

The  electro-therapeutics  of  diseases  of  the  skin  belongs  both  to  mtdi- 
eal  and  surgical  electricity.  The  tendency  in  recent  times  has  beer, 
to  transfer  dermatology  from  surgery  to  medicine,  and  at  present  many 
of  our  most  eminent  dennatologists  are  physicians  more  than  surgeons. 
This  tendency  is  further  strengthened  by  the  modem  views  of  the  pathol- 
ogy of  cutaneous  disorders,  particularly  in  regard  to  their  relation  to  the 
nervous  system.     The  purely  local  treattnent  of  diseases  of  the  skin  b| 
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ilcctricily  might  be  regarded  as  belonging  to  electro-surgery,  while  their 
general  and  central  treatment  certainly  belongs  to  cicctro-medicinc. 

Current  Employed. — While  both  currents — the  faradic  and  galvanic 
—have  proved  useful  in  the  treatment  of  diseases  of  the  sViin,  the 
galvanic  appears  to  act  more  efRciently  and  to  fulfil  a  larger  variety 
of  indications  than  the  faradic.  The  reason  of  this  will  be  fiuffi 
cicntl)'  clear  to  tliose  who  understand  the  general  differential  indica- 
tions for  the  Tjsic  of  the  two  currents.  'ITic  peculiar  electrolytic 
action  of  the  galvanic  current,  which  the  faradic  current  possesses  to 
but  a  feeble  degree,  is  indicated  in  diseases  of  the  skin  for  the  same 
reason  that  it  is  indicated  in  the  discussion  of  tumors.  For  the  relief 
of  the  syniploms  of  itching  and  pain,  the  faradic  current  is  frequently 
sufficient,  especially  in  prurigo :  its  effects  are  also  curative,  but  to  a 
less  degree  than  the  galvanic  current.  The  galvanic  current  also  acts 
more  powerfully  on  the  central  nervous  system  (see  Chapter  IV.). 

Mfthr„{s  of  AppHeatien. — Diseases  of  the  skin  may  be  treated  elec- 
trically in  two  ways — by  applications  to  the  diseased  surface,  and  by 
central  galvanization.  In  the  first  method  the  disease  is  affected  direct- 
ly  ;  in  the  second  method  it  is  affected  indirectly  through  the  nervous 
system. 

Appiuaiion  to  the  Diseased  Surface. — Our  usual  method  of  galvanit- 
ing  the  affeclcd  part  is  to  place  an  adjustable  electrode  of  from  tw-o  to 
four  inches  in  diameter  over  the  point  where  the  ]irincipal  nerve  that 
supplies  ihe  part  is  nio»t  suiwrficial, — aa  the  popliteal  space,  the  ante- 
rior crural  re^pon,  the  border  of  the  flexors  of  the  ann,  etc.,  while  llie 
.negative  is  applitrd  to  the  diseased  surface  by  any  convenient  elcctifMle 
'with  a  broad  surface.  This  is  the  mclhotl  that  wc  usually  adopt  in  the 
treatment  of  ulcers.  We  are  not  able  to  say  how  much  advantage 
lliere  may  be  in  applying  one  of  the  electrodes  over  the  nerve.  We 
suspect  tliat  it  majy  be  of  service  in  improving  the  nutrition  of  tlie  part 
that  it  supplies  ;  it  certainly  cannot  do  harm  in  that  position  unless  Ihe 
stance  is  very  much  protracted.  One  electrode  may  be  placed  on  some 
indifferent  point,  as  the  feet,  or  the  hands,  or  on  the  thigh,  where  cur- 
rents  are  borne  well  and  can  do  no  harm,  however  long  ihcy  may  be 
kept  there-  The  electrode  is  souicdtnes  kept  firmly  planted  on  the 
skin  (stable),  and  sometimes  is  iJowly  ghded  from  one  part  to  another 
(labile).  When  the  part  is  much  abraded  only  mild  currents  will  be 
borne,  while  in  the  immcdiale  neighborhood  a  very  strong  current  may 
not  be  fell  at  all.  It  therefore  becomes  necessary  to  modify  tlie  cur- 
rent continually  according  to  the  sensations  of  the  patient,  so  that  llie 
treatment  may  never  be  excessively  painful.     There  is  yet  no  evidence 
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that  very  severe  applications  have  any  advania{;e  over  mild  Af^Ucal 
lions.  The  pain  of  Ihe  galvanic  current  increases  with  the  length  of 
lime  Ihat  the  electrode  is  kept  in  a  5xecl  |jo»ilion  without  tireakiug  the 
current ;  fur  this  reason  it  is  nccessaij',  when  strong  ciurents  are  usc<lj 
lo  shift  the  position  or  the  ekctrode  every  minute  or  so,  or  as  often  as 
the  patient  complains  of  severe  pain.  We  are  not  al>le  to  say  whether 
the  best  results  are  obtained  by  stable  or  by  labile  applications.  The 
eleclroiyCic  action  of  tlie  galvanic  current  is  most  decijed  when  there 
is  little  or  no  iiitcrnii>ti<]n  to  the  current.  When  the  faradic  current  is 
used  tve  generally  make  labile  applications. 

Roth  ele[:trcii1es  may  be  applied  on  the  diseased  surface.  The  ad- 
vantage of  this  method  is  that  it  economizes  time  and  labor  where 
there  are  numerous  and  large  imtchcs  that  need  to  be  treated.  Al- 
thoujjh  the  electrolytic  action  of  the  negative  pole  is  greater  than  that 
of  the  positive,  yet  both  act  electrolytically,  as  all  physicians  know, 
and  both  act  curatively  as  experience  shows. 

When  the  body  is  covered  pretty  generally  by  disease,  we  soiiKtimes 
put  an  electrode  on  each  limb,  thus  allowing  Ihe  current  to  run  througli 
the  body. 

Local  Faradization  Generalized. — We  have  recently  aiipliwl  this 
term  to  a  method  of  using  electricity  which  combines  the  advantages 
of  localized  and  general  faradization.  Although  we  lirst  used  it  in 
diseases  of  the  slcin,  it  may  be  employed  lo  meet  the  same  indications 
as  general  faradization  ;  but  since  it  requires  absolute  or  approxiioative 
stripping  on  the  part  of  the  patient,  it  would  be  called  for  only  in  a 
limited  class  of  affections. 

In  this  method  the  operator  takes  hold  of  both  the  electrodes,  by 
their  itisulatctl  handles,  and  passes  them,  within  a  few  inches  of  each 
other,  over  all  the  diseased  surface  of  tiie  bod>'.  The  elecirotles  may 
be  kepi  stationary  over  spots  where  die  <lisease  is  especially  promi- 
nent. The  method  may  be  nxitlitied  in  various  ways.  One  electrode 
may  be  kept  fixed  on  some  particularly  bad  spot,  while  the  other  is 
glided  up  and  down  the  surface  adjacent,  or  both  electrodes  may  be 
kept  (iX(r<\  a  part  of  the  time.  An  advantage  of  this  method,  which 
may  be  employed  with  either  current,  is  that  it  economiees  time  and 
labor,  a  very  important  consideration  in  cases  where  a  large  portion  of 
the  surface  of  the  body  is  diseased. 

This  method  is  especially  imlicated  in  cases  where  Dearly  the  co- 
tire  surface  of  the  body  is  aJTected  by  disease,  as  in  general  prurigo  and 
psoriasis.     Either  current  may  be  used  in  this  way. 

Geutrai  FaraJizaiion. — This  method  of  using  electricity  is  usually 
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Dot  indicated  in  diseases  of  ttie  skin,  and  for  the  reasons  alieatly  given. 
For  those  cases  that  are  assnciatcd  with  general  debility  as  a  result  of 
cause  of  the  dtiicase  of  thn  skin,  it  may  be  employed  with  advantage; 
one  pole  may  be  ajjpLied  at  the  coccyx  by  an  adjiistablo  electrode,  of 
at  the  feet  by  a  copper  or  tin  plate,  while  the  other  is  passed  over  the 
surface  of  ihe  body. 

EUctric  Brush. — When  ihc  skin  is  not  itching  or  anaesthetic  the 
electric  brush  is  very  painful,  and  is  therefore  (o  be  recommended 
cliicfly  for  cases  whi^rc  there  is  very  great  irritalion,  or  itching  and 
anieslhesia.  We  have  frequently  found  it  more  eliicacious  titan  the 
ordinary  Bi>onge  electrode.  In  some  comlitioits  of  eczema  an  applica- 
tion, which  ID  health  would  be  uueudurable,  is  i>o&itively  agreeable. 
The  distinctively  surgical  meChadii  of  treating  certain  diseases  of  Ihe 
skin  by  electrolysis  and  galvano-cautery  will  be  described  in  Electro- 
Surgery. 

Central  Gahtinixathn. — This  important  tnethod  of  using  electricity 
wc  have  recently  proved  to  be  of  great  service  in  the  treatment  of 
certain  di&ease^  of  the  skin,  especially  of  chronic  ecxenia  and  prurigo. 
Under  this  method  of  irealment  alene,  wilhcul  making  any  appUtation 
whateier  w  fke  diseased  surface,  the  itching  and  burning  of  these 
discasLS  are  relieved  someiimes  iui mediately,  and  under  a  protracted 
treatment  periiiancnl  cures  arc  obtained.  The  results  obtained  by  this 
method  are  of  the  highest  possible  interest  in  a  pathological  point  of 
view,  as  showing  a  kind  of  dependence  of  chronic  eczema  on  the  nervous 
system  Ihat  h.id  not  before  been  suspected. 

Diseases  of  the  Skin  for  which  Elettrical  Treatment  is  Indicated. 
— Under  this  head  we  sum  up  the  results  of  electrical  experience  up  lo 
die  date  of  publication. 

£cMtma. — 'X'his  disease  we  place  at  the  head  of  the  Ust,  for  Ihe  rea- 
son that  we  have  found  more  rapid,  brilliant,  and  uniform  results  from 
electrical  ircatmcnl  in  this  than  in  any  other  disease  of  the  skin.  We 
have  treated  ihe  chronic  forms  in  different  parts  of  the  body,  and  in 
nearly  all  cases  thub  far  with  immediate  relief  of  the  distressing  pain, 
and  uhiinate  cure  after  a  course  of  trealntcut.  We  have  u^cd  for  this 
affection,  ahnost  exclusively,  the  galvanic  current,  either  locally  or 
centrally.  Patients  have  come  into  the  Dispensary  declaring  that  the 
distress  is  so  great  that  ihey  would  be  glad  lo  have  the  suffering  part 
ampniatcd,  and  after  an  application  of  from  five  to  fifteen  minutes  have 
gone  out  entirely  relieved.  This  relief  lasts  for  several  hours,  some- 
incs  for  days,  and  ihe  pain  grows  less  and  less  until  Ihe  cure  is  accoin 
I'UWted. 
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1 1  is  in  this  disease  especially  ttiat  central  galvanization  alone,  without 
making  any  application  whatever  to  the  diseased  part,  has  acconii>!i5hcd 
such  striking  results. 

The  follovring  case  illustrates  the  power  of  central  galvanization  in  a 
niosi  &uikiiig  manner  i^ 


Sewre  artdcittinatt  tkrenit  entma  »/  leg,  tigktytmr^  rtaitdimg — /fU^eraiU  ittking 
—Failure  if  var^Ht  rtmtdiaSapid  rtht/  Mnd  ftrmantiU  atn  vmdtr  itntrat 
galtMHta^itH. 

Case  XCV.— Kn.  S.  M.,  an  Irit.h  wrvant-gir).  iged  51,  vas  admicieil  to  the 
Long  Island  C&Ilcgc  Hotn^Itnl,  Fcl«iittry  14,  iSja.  wiiU  clironic  cczeina  of  i!ic  left  leg 
about  th«  unklc,  snd  extending  one-third  of  the  liuium  to  the  knee.  The  iiching 
and  pctln  were  intolerable,  and  there  wu  mue)i  larencvt.  1'he  |M(i«nt  was  in  other 
respects  drong  and  well,  but  hoA  miffercrl  Imm  this  aa«ction  by  intcrvab  for  cigtit 
Xear&.  Four  ye^rs  before  she  h^  been  aadcr  IreaimenI  «[  the  City  HinpUal,  ami 
lad  been  di^ar^cd  apparently  curcdi  bul  iclnpvd. 

The  caic  wai  Iccalcd  by  iodoform,  ancitic,  bicaibunute  of  »uila,  rhubarti^  carbolat* 
of  line,  glycerine,  c<id-liver  nil,  iodide  of  potanjutn,  dulcamara,  acetate  of  lead, 
wine  of  eolcMciiin,  and  acelai«  of  potaiii.  Theie  remedies  w«re  variously  n&ed  in 
various  modi At-ai ions  externally  and  imcmull/.  From  some  of  thete  tj^Dls  tb« 
patient  derived  lempuntry  lulief  of  ihe  itdiitii;  and  soreneu  ;  but  the  average  and 
ulltmate  effect  wais,  tliat  ua  April  tM  Ibc  foliunin^  recc^rd  of  llic  case  was  made  in 
(lie  hoipiial  book :  "  Very  painful,  icd  and  an^^ry,  rapidLy  citeivding,  and  nnw  (.uvcr- 
iug  neorly  [he  uliole  leg  lidnw  the  knee,  and  mo&t  of  the  dorial  aif-cct  of  ibc  fbot." 

Aihcnii:  and  tinc:arc  of  cinchon.  comp.  were  now  ordered,  but  Ajiril  l$\h,  the 
record  ws»:  "Verymudi  the  uinc."  At  tbis  lime,  Dr.  Davin  aut^gated  heaJited 
/araititi'timi.  'Vh\t  «utsrKtion  wa%  acted  on  vfith  gratifyrtie  result ;  ibe  intenae  dia- 
tniM  mu  aL  0i»;c  in  a  ineasiirc  cclicved. 

April  i6ih,  (he  paiicnt  ynn  more  coofonabic  tbaa  for  a  lung  iloM  previous. 

April  ajd,  very  much  improved  and  coin|)ara(ively  comfortable. 

At  Thb  time  Prof.  A.  B.  Cfotby.  the  wirgeon  in  charge  of  the  ward,  rwjuwted  m 
luicc  the  patient,  stitting  that  %ht  had  been  very  oh^iinalc  umlor  the  various  temcdiei 
llial  he  had  tried.  Tlic  ptlienl  was  swlicrinj  grcaiiy  from  l)ie  »evece  itching  and 
burning,  and  the  loreneis  vran  mi  j^reat  thai  only  with  diflimlty  could  ^e  bobUe 
about  the  ward.  The  appcanuic«  of  the  diicaaed  part  wao  red  and  angry,  and  soms 
purtions  were  mure  01  Ics  covered  by  (caLes. 

We  decided  to  try  oa  (he  palieiK  (be  effect  of  etitiral  j^alvaHisatMn,  making  nt 
ttfipUeatisH  TiokaifVtr  ta  iJit  distaitJ  part.  We  were  induced  to  inake  lhi«  trial  on 
the  strength  of  iiimcmci  in  other  and  milder  cases  of  cutaneous  disca-iei.  Our  chief 
hope  wat,  perhaps,  to  relieve  the  itching  and  pain:  n  pern^anent  cure  w-c  had  no 
rauon  to  nnticipare.  A>  the  patient  wai  a  giicxi  and  willing  Hihjn:t  oit  which  to 
detnoattrnlc  electrical  appliLatiuns,  slic  was  taken  before  the  claKt  of  the  Long  Iiland 
Coll^  Hoiq^iital,  atid  treated  by  central  galvaaiulion,  the  ttatcmcut  Ixlng  maile^ 
that  wc  did  not  hope  thereby  to  cure,  but  aimply  to  Ulaalrate  the  method  of  osing 
^ctr!dty. 

The  details  of  the  appUcalloni  were  enttisted  cniirety  to  Or.  Edwin  E.  Smith, 
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lu>uar-nirg;eoii,  who  carriad  ovt  the  trattmcat  with  great  failhfulneia,  and  to  vrboip 
wr  arc  ini^ebl«d  Tdr  tbe  full  history  of  iht  case  as  Jiere  pretcQloi. 

Tlie  relief  uf  the  itching  aai  {Miii  wu  very  rapid,  although  ou  the  251)1  Dr.  SinUli 
made  the  following  recoid :  "  A  little  idoic  irritable."  This  remit  wa>  probably 
due  to  ovcr-ticatnieni,  loo  strong  cunuits,  or  too  proloDjiod  applicatl^ia 

Afr</  3(V-4.— Paitcm  "■  tnuch  better," 

May  lof*. — "  Still  sieatlily  improving."  The  appearance  of  the  itg  mu  now  rauci: 
changed  for  the  hetlcr.     The  ino»l  oh»iiiiatc  portion  waa  the  r^lon  about  the  uikl«. 

The  applit»tion»  were  now  ma<tc  four  uiid  five  time%  a.  we«k  with  a  12-edl  nnc- 
catbon  baltcrjr  of  Kidder  foe  about  lct>  minutes  at  a  )fanei. 

May  i^h. — A  iotioo  of  acetate  of  lead  wash  was  ordered  bjr  Dr.  Cfotby,  to  coa- 
tract  the  enlarged  capillaries. 

Junt  Ilk  ~"  paiienl  Is  walking;  about  out-doonwith  coraparative  ease,  and  is 
nearly  wdL" 

We  again  presented  the  case  before  the  ctaas  of  the  College,  demonstrated  on  her 
our  method  of  central  ^Ivanimtion,  and  pointed  out  the  cxtrnordinary  and  unlooketl- 
for  improKcnient.  The  akin  of  tiie  i«liole  leg,  except  around  the  ankle,  wa»  well,  and 
the  patient  for  a  long  time  had  been  eutircly  froa  from  itching  and  pain. 

yum  ijM. — Tbe  patient  was  "  diKliaiged  cured." 

Jan.  13/^,  1873. — Dr.  Smith  infortiic  u*  that  there  has  been  "  no  recurrence  of 
the  difGculty."  Several  nionllix  afler  the  patient  left  the  hospital  we  heard  thai  &he 
was  still  well. 

The  above  case,  taking  all  iho  fncts  into  consideration,  its  long 
standing,  its  inveteracy  under  inanituld  treatment,  and  the  immediate 
and  rapid  relief  and  cure  undei'  central  galvanization,  is  certainly  most 
extraordinary,  and  It  will  not  subtract  fruni  tlie  iusitructiveness  and 
brilliancy  of  the  result,  if  in  fuluie  years  a  fresh  attack  of  the  disease 
should  occur.  Alllicugh  the  case  was  not,  &o  far  as  wc  know,  studied 
by  any  recognized  specialist  in  dermatology,  yet  among  die  very  many 
surgeons  and  physicians  who  watched  its  progress  before  and  during 
ihe  elecuicai  trcauneni,  there  was,  wc  believe,  no  difference  of  opinion 
in  regard  to  the  dia^noisii^,  and  there  was  no  questioa  that  the  cure  was 
wrought  entirely  by  centra!  ^alvanixatien,  acting  u/>ifn  the  central 
nervous  system,  and  thus  improving  the  peripheral  nutrition.  This 
very  remarkable  experience,  which  to  some  has  seemed  incredible,  we 
have  recently  confirmed  In  a  similar  cose  of  dtronic  eczema  of  the 
legs  of  sixteen  months'  standing.  The  relief  of  the  itching  by  cen* 
tral  galvanijcation  aloue  was  inmiediate,  and  after  a  few  uppLicatioa 
the  disease  began  to  improve  in  appearance,  and  in  six  weeks  there 
was  approximate  recovtrry.  At  the  date  of  writing  the  patient  is 
entirely  well.  When  the  patient  was  about  half  cured  he  was  seen  by 
I>r.  L.  D.  Btilkley.  Dr.  Kinsman,  of  Columbus,  Ohio,  write*  to  us  taax 
lie  has  succe^^ully  treated,  by  central  galvantaation,  a  severe  case  of 
impetiginous  eczenu  of  twenty  years'  standing. 
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CArvnir  taefna  a/  lie  tegt  and  /eti.  i>rieynr*t  Uaiu/iMf—XeHcf  *//««  amd  itfAirtg 
undo'  Ueaiiud /araditatiun  and  ^a/vamiaa/uut. 

CasR  XCVl.  —  Micli^cl  I'  ,  Jtgail  (i4,  bail  «iiRcre<l  fur  twelve  monthi  fiom  cbmBic 
ec7«nia  of  ihelc^uxl  f««(,  acxuiii-aiittH  wiih  triiiblp  iichiDK<uul  bunting  »eit9aliun^ 
Tlie  affected  patis  were  but  lillLe  sensitive  lo  tlie  electric  CBrreol,  eitber  galmnc  or 
farulie;  Lot:iliic<l  ^vaiiixation  anil  bu'itdbaiion  w«e  cmpluyod,  aad  sQBicof  tbe 
lime  tbe  elccltk  brush  uUli  a  aIron£  currcni  was  not  only  well  bonic,  but  uru  mrnt 
grnccrul  to  the  paiicnt.  Ttie  a^tpltcAtious  were  nude  from  Bve  to  twetiiy  minuter 
/n  ell  <\titt  tluTt  WM/  reiief  of  tki  ttiUrtiting  /tun.  SjFniptom*  of  relief  hcgna  lo 
a{>par  wmih  aficr  ll)::  Ix^tuuin);  of  l!)c  i  antt,  uiil  at  the  cloic  tru  saaKltmo  abM^ 
luce.     Tliii  iclicf  iiutcd  at  Bnt  tioni  two  lo  IhtcIvc  houii. 

The  patiiMiI  coutinilrd  Ircatmcnl  (or  ttirce  wcekik — in  all  kx  3|ipUcatkms  wrere  madb 
The  UDicivaJi  of  iclicf  were  seuMbly  lengthened,  ,-iiid  tbe  paiicnt  abandoned  Incat- 
Oient.  With  tbit  rcHef  in  ihe  itching;  and  pain  there  was  coiresponding  Telief  in  the 
•ppearutoe  of  the  dj<K^dud  pans.  We  have  no  reuon  lo  believe  thai  the  patient 
WK9  permanently  nircd. 

£fteKa  of  Ihe  uatp  ef  three  mtnthj'  duraliam  in  a  gentleman  tretnty-five  yeori  mf 
age — Reeavety  in  fwe  months  under  letal  gahmmisiUmt  and  generaS faradhati»H. 

CasbXCVII. — Wr.  L  ,  aged  7$,  «nualln:tc«!  ^«itlicci«ma  oriheKalp.  The  erup- 
tions exlenitcd  over  [he  eii()re|>aT(ioiit>(theIirad  covered  bj:  the  hair, and  Itad  penUled, 
in  «pite  of  many  exicma!  applications  ^"r  neai'lv  three  monthi.  The  (iisraicd  paii  ivu 
covered  with  thick  w:-aXa.  uhich  tended  to  coalcKC  jn^!  coser  as  by  one  hii(;c  luasb  iIk 
entire  surface.  The  tcalp  ww  quiie  irritable,  atid  at  night  cspci^ally  tbe  patient  mw 
annoyed  by  an  irtoUtiblc  detite  to  sctudt.  The  boweU  weie  decidedly  cvn»ii|wicd, 
•nd  ibc  general  licaltli.  a!tl>uuK'"^*i^^'y  W^i  <''i»  at  [lit*  time  coiuklcnbly  below  par. 
The  poticni  suboiiitcd  to  ircatmeut  by  IxrLh  lM;ali2ed  galvaiiiiatton  and  (•cncial  iaxa^ 
dilation.  The  lint  application  of  the  former  method  resulted  in  a  decided  telief  to 
Ihe  conitant  itching. 

After  two  week*'  trial  of  both  methods  rame  of  the  scab*  began  to  dry  up  and  pee) 
off,  uinitlpatiuii  wu  very  much  relieved,  and  ibe  |[cneral  hcalcb  had  tinpfoval  in 
marked  decree 

This  improvemcni  slowly  went  on,  uniil  in  two  monllu  Iroia  the  beginoioc  uf 
Ircainicnt  the  scalp  was  quite  free  from  duca.>c. 

Prurigo. — If  electricity  could  do  nothing  mote  than  relieve  Ihe  itch- 
ing of  prurigo,  it  would  be  entitled  lo  an  honorable  place  io  the 
tncntarium  of  Ihe  dermatologist.  Diy  fantdization  aloiie  may  bring] 
lief  in  a  veiy  few  minutes,  and,  when  pcrscvcringly  u»ed,  may  ctire. 
Wc  have  seen  immediate  relief  follow  general  faradization  uicil  in  the 
ordinary  method  with  wft  sponges.  In  Ihis  disease  also  central  gal* 
vanizaiion  alone  has  in  our  hands  been  very  effective. 

General  prurigt,  tix  yearf  ttanding — Interne  tUking — Afprfximote  eurt  a^tm 
fifteen  t  aneei  of  tenlrai  gak>anitathn. 
Cass    XCV'III. — W.  R.,  9  years  of  age,  came  into  the  ElecUo- Therapeutical  I>- 
partmcni  of  Demllt  Ui»penufy.  April  it,  187a.     At  the  a(c  of  three  the  patient  hoi 
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■ctriet  r«T«r;  th»  \na  followed  hj  gcnrral  pniriip  that  hii4  never  been  relieved. 
The  dbeaw  covered  the  back,  atvlofnen.  uid  l«i>«.  The  iicliiog  was  mott  severe. 
Sleep  ■!  ni^t  hud  for  yt*n  been  inlemipleil  by  tliit  dUtre«i.  uid  mrla  of  acmc)l- 
in|r  «ete  cverywhetv  kco.     The  dUcaac  <ras  at  id  vront  on  the  back. 

Actinf  on  ibe  theory  that  the  disease  wu  of  a  nervous  chorAcier.  Or,  Woodnfi 
referred  lheo»e  to  the  K!«tro-Th«ra  pea  ileal  Ilcfiarlnient,  when  trcUnttfli  by  «i»- 
Iral  galvoxiiulion  was  begun  and  coalinued  for  two  Enon(h&.  Townrii  ihe  d<Mc  of 
ihe  ttcalmcnl,  June  i.  Utile  Teuiaim  of  the  cruptJoD  were  «een  excepting  on  the 
back,  and  ttiere  woi  very  Utile  itcliitt);. 

Tv"'  [5.  — Tlie  patient  abandoned  treatment ;  ih«  recovery  appeand  to  be  mis- 
Taciory.     We  have  no  further  iTitelllgence  of  the  case. 

l>r.  Sterling  givoi  us  (he  following  case,  the  dii^nofiis  of  which  wax 
not  fully  clear  to  him  : — 

Gmtra/  tm^hn  wilk  hurning  tt»Mti*n  «f   i^ng  ttamJimg—Somt  imfrwtmtnl 

trndtr  hfliitd  gatvanitativn,  uW  galfomtatian  of  the  trrviial  jymfathttk— 

Mmth  grntrr  imf^votrntnt  nndir  tentral  gatvanitation. 

Cask  XCIX. — Mr.  G.,  at  tl»e  age  "f  twelve,  wai  attacked  with  an  erupttnn  all 
over  the  body,  after  ■ea.hathing.  Treatment  cured  ihe  eruption,  bm  a  burning, 
smarting tenntian  wa* left  in  the  face,  that  aU-ayswumcieised  twinny  eJtdlement. 
Drinking  a  cnp  of  tea  or  colTee,  or  entering;  a  healed  room,  would  bring  on  bnming 
wd  marling  in  the  face,  with  very  decided  puffineu.  Arsenic  and  various  other 
teinedlei  liati  been  ii*<ed  faithfully. 

■V'lv  I,  1871.  — Trcaimcnc  t»y  galranication  of  the  wtnpathetic  and  ioaiHzcd  gal- 
Tiuiiutt.-?n  was  b«i;iiti,  and  ths  mult  was  satbractflry ;  but  relapw  occurred,  and 
some  moiiths  nbHquenlljp  he  wu  treated  by  central  gaivaniuiion  alnne,  with  very 
great  improvement,  lie  stilt  suflera  from  slight  relapses  that  are  always  benefited  by 
•lectiical  trcalniH^nt. 

ZscA/*.— We  have  had  no  opportunity  to  treat  a  marked  case  of 
lichen  ;  but  there  19  every  probability  that  electricity  would  accomplish 
as  much  in  this  affection  as  in  the  other  symptoms  of  the  so-called 
dartrous  diathesis. 

Anasthesia.~Y Qi  the  curable  cases  of  cutaneous  anaesthesia,  faradi- 
zation is  a  specific,  if  any  remedy  can  be  said  to  be  a  specific  for  any- 
thing. Even  cases  tliat  depend  on  incurable  central  lesion  may  im- 
prove very  decidedly  under  treatmcm.  In  cases  of  paralysis  of  motion 
and  sensation,  the  sensation  may  be  partially  or  completely  restored 
under  electrical  treatment,  even  when  tlie  loss  of  motion  remains  un* 
changed. 

Aaxsthesia  is  a  condition  for  which  ilie  electric  brush  is  ]>artiailaily 
mdicated  (see  chapter  on  An'-esthesia). 

Acne. —  If  we  wi-re  lo  judge  from  our  own  limited  experience  in  the 
Ircatmcnt  of  acne,  we  could  not  speak  very  encouragingly. 

Our  assistant,  Dr.  J,  H.  Sterling,  informs  us  that  one  year  ago  a  case 
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of  hereditary  acne  inducaU  of  the  face  and  back,  under  his  care,  wat 
treated  by  eighteen  applications  of  central  galvanizAtion,  without  any 
other  treatment,  and  the  disease  disappeared.  The  constipation  and 
headache,  which  had  been  very  distressing,  were  also  relieved.  Up  to 
date  tJuly,  1873)  the  patient  was  well. 

Acne  ^wfliVfl.— Whether  acne  rosacea  is  different,  pathologically, 
from  ordinary  aciic  ot  not,  it  certainly  yields  better  to  electrical  treat- 
ment. On  the  theory  tint  (he  disease  may  depend  in  some  way  on 
the  digestive  organs,  central  galvanisation  may  be  tried  in  connection 
with  locil  treatment 

AtMi  rfitatea  »f  Ung  standing — Immtdiatt  imfrff^-emtnt  under  l^aiiud  ga/iMtmiia- 
(MH  wili  j/OHgft  anJ  tmtlallie  tftilrodtt. 

Cask  C— A  moUcal  i^nilciaan,  aged  about  sixty,  in  April,  1873,  requited  » 
(0  treat  him  iax  acne  lYiucea  that  had  for  tome  time  cnu«ed  him  onnnyance.  The 
blood-veacli<  woe  conuilerably  enlArgcd  on  both  sides  of  the  nose,  the  color  was  a 
dedded  red,  and  ihcte  w«s  the  usual  thickciiini;.  Tlie  hcalih  of  ihe  patient  «-a5  in 
other  rc*f>cct*  prclty  gOi«i,  cicepling  attacks  of  imtigcUinn  wiih  acidity. 

Wc  bewail  Itc:iIiiiciiI  with  lucalized  gKlvaniuitinn — mitli  vrtt  cMIn  and  fpongc, 
aonuiimen  uwm;  a  [ticlnl  clcvtroilc,  with  a  *haj-|>  dae,  Wlicn  ifae  metal  elcelrode — 
connected  with  tlie  ntgiilh-e  pule — w3k  iimiI,  tlie  clilalcil  capillanet  were  clectrulyie<I 
under  ihe  nrgntivc  jwile,  and  gajten  cucnped  vriih  a  loiinH  tlial  conhl  be  eaaQy  heard. 
There  wa«  a  tendency  to  reappcatnnrc  of  tite  dilated  vetacls,  but  af^er  a  few  weett»' 
treatment  Ttic>'  were  entirely  de»trt>ycd,  leavini;  no  scar  of  trace,  and  the  color  of  the 
nose  on  botb  sidci  had  disappeared.  There  appeared  to  be  also  a  diminution  ot  titf 
hypertroiihied  tisviet. 

There  ha*  been,  «nrc  that  time,  «omc  rcliim  of  Ihc  aflozlion,  hut  he  is  very  mtich 
better  than  ronaeily.  The  hshiis  of  the  patienc  were  never  intemperate,  but  be  had 
always  been  aecuMumed  to  an  m^ire  or  ]e«t  alculioUc  liquon. 

We  have  since  treated  another  case  of  acne  rosacea  by  the  same 
method,  and  with  results  which,  for  Ihe  time,  are  most  satisfactory. 
This  case  has  been  attended  nSth  itching  that  has  been  relieved,  and 
the  appearance  of  Uhe  nose  has  very  ntpidly  improved, 

Psoriasis,  and  Pityriasis,  in  their  relation  to  electro-therapeutics, 
may  be  divided  into  three  classes  :  (i)  Those  cases  that  are  betiefited 
up  to  a  certain  point,  (a)  Those  cases  that  receive  but  little,  if  any, 
benefit.  Judging  from  our  own  observations,  we  should  iay  that  the 
latter  class  (tlmsc  who  do  not  jicld  at  all)  are  in  the  minority.  Some 
cases  progress  very  slowly,  and  need  months  of  treatment  The  negative 
pole  of  the  galvanic  current  seems  W  be  more  efficacious  in  this  dis- 
ease than  any  other  method.  For  the  sake  of  economuing  time,  how- 
ever, we  frequently  use  both  poles,  with  broad  electrodes. 

The  results  have  not  been  very  satisfactory.     Even  when  decided 
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improvement  lakes  place  under  long  treatment,  relapses  may  occur, 
and  the  cure  has  never  in  our  hands  been  complete. 

Hctpis — Herpii  Zoster — flerpa  Frontalis  siii  Ophthalmieui. — 
Heqies,  if  not  the  most  persistent,  is,  witliout  doubt,  attended  by  the 
most  cxcnicialtng  pain  of  the  variuub  neuroses  of  the  skin.  VVIiether 
its  seat  be  the  iiead,  che  trunk,  or  the  extremities,  the  a&sociated  paop 
are  sometimes  almost  beyond  human  endurance. 

Heriies  is  now  generally  regarded  as  subordinate  to  the  cxLitcncc  of 
a  neuralgic  or  rlicuniatic  diathesis,  and  as  origini^ing  In  any  cause 
which  weakens  the  vigor  of  a  nervc-trank  or  its  cutaneous  branches: 
hence  it  would  nut  be  unrcabonable  to  suppose  thai  electricity  in  some 
one  of  its  forms  ntighc  prove  of  5crvit:c. 

The  teachings  of  experience  clearly  attest  its  value  in  this  complaint. 
The  disease,  it  is  true,  runs  an  acute  coiirse,  and,  as  a  rule,  recovery 
more  or  less  complete  follows  in  ihc  course  of  a  few  weeks,  but  it  is 
none  the  less  incumbent  to  relieve,  so  far  as  possible,  the  aaite  suffer- 
ings  that  attend  it. 

The  first  two  cases  which  we  briefly  record  occurred  in  that  part  of 
the  body— viz.,  the  tnink— whicli  is  said  to  be  die  most  frequent  seat 
of  the  disease.  The  succeeding  three  of  Herpes  Jrontalis  scu  ophHuU- 
micus  arc  of  somewhat  greater  intere*t,  because  of  the  comparative  in- 
Ircqucncy  with  which  such  cases  are  met,  and  of  ihcir  great  importance 
to  ophthalmologists. 


f/rr/a  thatMualii — Trtaimtut  f-y  tiit /aratik  eurrenl. 

Case  CI.— Jane  A.,  a  dUpenttry  patient,  nged  xven  jrmts  six  tnoniln.,  had  suf- 
feied  fnr  weral  weeks  from  (<;brHc  xymptomii  ind  anurekia,  and  finally  an  faerpeilc 
enipitan  nppeiml  on  the  client  ami  ri(:1u  xlcle.  The  eruption  InercMeil  txsA  rtjiidljr 
ciltiidci.  until  the  thorax  vras  nearly  enctrclM.  The  pain  Ironi  which  the  chiM  suffered 
wjuvcrjr  scvci-e,  aiiil  frtr  foriy-tij-hl  hour*  it  tiai]  ticcn  conliiiuou".  We  empluycd  fam- 
dintion  (•niKII}'},  and  wer«  rvwanWl  hy  nn  immeiliate  reli-ef  of  the  neuralgic  juinx. 

Four  fimilair  applications  wore  «ulH«qunitl/  given, — one  on  each  alternate  day; 
but  there  was  no  leturn  of  pain,  and  wlthio  ten  days  the  erupdon,  wbicli  resembled 
•boriod  veticlc%  had  quite  ditappeaied. 


Htrpts  iMtaHt — Trtatmetit  by  tkt  faradu  furrtnt. 

CA-IB  CII.— We  were  tailed,  December  3,  187J,  to  see  a  gcniteman,  afi«d  J4, 
who  wu  suflcring  from  an  herpetic  eniption  over  the  rej^ion  of  the  ucram.  The 
vnida  extended  from  ilic  hip  In  the  Kriatlc  notch  on  the  right  iLle,  and  covered  a 
■arrow  tract  along  the  uuicr  portion  of  the  tliigh,  with  clusters  here  and  there  to  the 
external  ntallenluv  The  accampanying  ncuriljjic  pain  wiu  ([uite  a*  Kvere  ai  la  the 
pncediaK  tast,  and  Hmul.-^icd  actual  (dutica.  We  placed  the  Riot  of  the  patient  on 
k  coppa  plate,  to  which  the  nei^tivc  pole  w««  attached,  and  with  a  mild  buadic  cur> 
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rant  brou^M  ihc  whole  hip  uid  limb  xiaiex  the  declrvcal  infloence.    The  cffisct  w« 
moM  Krftleftil,  uid  the  relief  afforded  inunedUte. 

I'he  lame  mtlhivl  wu  rejieaied  a  nitinber  of  limes,  bad  Althaufh  the  patient  oees- 
(ionaUy  rx[)eri(!ncci{  ttvingci  of  pain,  thcjr  were  of  little  ttvttltj,  And  wiihm  ft  wwk 
cased  to  luiooy  hiin. 

Of  Herpes  ftenlaHi  seu  ophthalmicus  we  hive  treated  six  cases  by 
electricity,  and  always  with  the  result  of  relieving  the  pain,  and  in  three 
cases  the  course  of  the  disease  even  was  apparently  modi^ed. 

Htrfet  frpntafit—  TrMlmtnt  hy  ikt  gahMHit  titrrrmf, 

CaSbCIH.— A  lady,  aged  almut  60,  and  sent  lo  u*  by  Dr.  C.  R.  Agnew,  h*d  nifr 
fcred  lon^  imJ  Kverely  fiani  herpes  of  the  foreliead  and  fate.  Atute  and  persistcat 
neitriilgia  »uiH:ivL-iicd,  refilling  all  attcmplv  at  {icTTnanent  allcvinlion.  The  galvanic 
current  wa»  locally  aiwl  oontrally  apjiJieil,  and  rewltcd,  in  a  few  trances,  in  relieving 
in  a  good  meaMtrr  the  nciicaltpc  pain*.  P(cni«  of  the  righl  eyelid  remained,  l>ow> 
ever,  \a  ipite  of  tlie  [reatmeiit  liy  galvuihalloo.  Three  local  appUcailonf  of  tlie 
fanwiic  current  approximately  leUored  the  lw*t  innscutar  power. 

Herfei frcmtatit — Allevialion  ef  p>uH  «/  the  gitbKtnie  cvrrtnt,  a/Ur  failitre  af  th* 

/araJit  enrrtHt. 

C*5B  CIV. — Mrs.  ]>.,  aged  39^ codsiIiM  ui on  June  to^  1S74,  and  gave  the  follow- 
in{[  history  of  her  CKtt.  Two  wccka  prior  her  attention  wis  caileil  to  a  small  vefkn- 
lar  cruplioa  on  the  left  Forehead,  directly  oret  the  course  of  llic  iupra-orbttal  nerve, 
Sunilax  eruption*  ({uickly  followed,  thickly  Miidditig  the  nide  of  the  head  and  face, 
uid  accompanied  with  much  pain.  A  homocnpaibic  phy&icinn  had  had  the  case  in 
cliari^,  and  had  succeeded  in  tein|>onirily  relievtug  (he  neuralgia  only  by  the  ad- 
ministration of  morphine.  Wlicn  the  patient  fell  under  our  ubaerralion  the  w»  mf- 
fcring  mure  than  at  any  prcvioui  ttrne,  and,  rather  becauie  of  convenience  than 
choice,  wc  gcolly  applied  the  fatadic  cucrcnt  to  tlie  nffccted  and  surrounding  parts. 
It  did  nniiTAtMC,  cither  dnring  the  application  or  snbwciucntly,  any  speiial  modification 
of  the  diMrc^f.  On  the  following  day  wr  rc«orle<l,  &■  we  Jioiild  have  done  at  fint, 
to  tlie  i^vaniu  current,  making  the  appHcattani  locally,  centrally,  and  in  Lm  Ihan  ten 
minute  the  inien«e  agooy  of  the  paileni  was  almost  completely  relieved.  She  puoed 
■  very  quiet  night,  but  in  the  morning  complained  of  some  dtHren  over  and  in 
the  right  eys  and  temple.  She  was  imakediaicly  relieved  by  a  second  applkaiiDN, 
after  nliiih  she  n'as  subjected  to  treatment  teveral  limes,  although  ibe  sirfhrad 
but  little,  if  any,  and  rapidly  progresied  towards  recovery. 

Iterptt froniatit—Trealmtni  iy  tkt  gahanir  current — Immrdialt  rttitf  4f  pain 
The  touru  ef  dittcae  affarently  modified. 

Cask  CV.^A  third  cue  of  losler  frontalif,  in  fhe  perxon  of  a  female,  aged  about 
35,  fell  uifler  our  olnervalSon on  the  2d  of  June,  [S;4.  The  lady,  who  wa.'i  apatient 
of  t>r.  Oliver  While.  fir*t  observed  a  »!igl»t  cnipiion  over  ihc  ri(;ht  e>e  This  rap- 
idly spread  over  the  tvUule  side  of  the  forelieiid,  and  the  angle  of  ihc  mouih  wa& 
involve<i.  The  a^sociaicd  ncutal;;l.-i  wag  of  the  most  exomcialing  and  intolerable 
character.    L}r.  L  U.  Hulkley  wasca!lcdinconsultalion,and  adnseJlhegalvaniccur* 
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nnl,  I  few  appHcntitnu  of  which  npldljr  guid  cff'ectuAll)'  rtlievcd  the  patient  nf  all 
pun,  aiul  creuly  Imstcnvd  recovery  after  failure  of  rar iout  local  KppUntlont,  The 
tKUiBent  vm  cnnilnucd  for  uiae  lime  subscqaently,  in  onter  to  nuke  tlie  Ksiriag 
a*.il)gbl  u  powdMe. 

It  will  be  observed  that  of  the  above  caMs  the  first  two,  in  which 
the  eruption  was  conTincd  to  the  body,  were  relieved  by  the  faradic 
current;  and  that  the  three  following  (herpes  frontalis)  yielded  to  the 
galvanic  current 

From  thesi:  and  oilier  cases  the  following  conclusions  seem  to  us 
legitimate  :^ 

1.  That  the  pain  of  herpes,  no  matter  where  the  seat  of  the  eruption 
may  be,  is  generally  susccjuible  of  speedy  and  effectual  relief  by  the 
use  of  the  galvanic  or  faradic  current, 

2.  That  when  the  eruptions  take  place  on  the  head— A^r/rt/r^w/a/vj 
— the  galvanic  current  has  greater  power  to  relieve  the  pain  than  the 
faradic. 

3.  The  electric  treatment,  besides  relieving  the  pain  of  herpes, 
seems  to  shorten  somewhat  Uie  acute  stajjc,  to  break  the  force  of  die 
diseaK,  and  to  mndify  the  scarring. 

Rmgworm. — Common  ringworm  may  jneld  to  the  galvanic  current. 

Tint*  eirtiKOtut  (rin^toorm)  p/  m9rt  than  tvfs  yfan'  jianMmg — Rtctvtry  ffllsmi 
OHt  ^fpiitnttiH  >i/  the  gahtanie  eurrtnt. 

Casb  CVl.— a  lady  pAtient.  aged  30,  oUlcd  our  attention,  casually,  to  acommon 
ringworm,  circulai  in  ihape,  nn  inch  ami  a  halt  in  <lianieter,  And  situated  ol  About 
Lite  junctimi  of  the  shoulilei  txA  neck.  The  diuase  luotle  lis  appearance  noo^e  iImb 
two  jFCon  prior  in  Ihc  iljupe  of  a  slightly  dcvuled  ipot  wliich  ifnulually  enlarged  to 
tiw  abov^iumed  *iic.  The  pott  had  bc)^n  to  heat  in  the  centr*  tcvsfal  timet,  ami 
M  oftai  the  proocw  of  repair  woiilii  l>e  almott  complete,  when  ihe  diieoiie  would  lalie 
■  suddcD  *lart  oii'l  become  as  marked  Wi  ever.  Finally,  however,  the  centre  of  the 
ouption  permanently  tliwppcared  and  left  a  eircular  spot  of  clear  skin,  iirrouaded 
by  A  wide  erythematous  ring.  This  condidon  had  remainal  stationary  for  more  than 
a  yCAT.  We  applied  to  the  i)i§e.iied  ]Mrt  a  metalhc  iIiUl  lutlicicnily  Ur^c  to  cover  it 
cnmplelely,  and  pcuned  Ttir  .-1  few  miniilc«  «  galranic  current  of  lUght  tcn»iun,  but  luf- 
fkicnl  to  cieatc  a  deciiLcd  burning  scToatiun,  and  lo  appreciably  affect  the  enipllon. 
TliU  wuk  (he  only  application,  oi  iinracdiaiely  after  the  paiicnt  left  the  city,  A 
mouth  afterwotdt,  however,  nhe  prewnted  liemclf,  hut  with  no  veitii;e  of  the  rinj;* 
worm.  U  began  to  dtuippear  almofit  immediAtcly  after  the  treairoent,  and  wlihin 
two  weeks  the  tkin  vras  quite  dear.  To  this  dale,  two  And  a  half  years  since  the  ap* 
pUcalioo,  tlieie  hsu  been  no  r«a|.|  eoronce  of  the  eruption. 

Scleroderma,  —  l  his  disease  of  the  skin,  usually  so  obstinate  to  recog* 
nized  methods  of  treatment,  may  be  treated  by  strung  localized  galva- 
nization with  considerable  benefit.  Kieber,  of  VicQiia,  iccorda  a  caae 
33 
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where  perijihcral  galvanization  combined  with  galvanization  of  the  sym- 
pathetic were  very  eGTeciive.  In  a  case  that  vre  saw  with  Dr.  i^aid, 
and  for  a  time  treated  with  him,  u.  very  [icrscvering  use  of  the  gaivant< 
current  had  a  decidedly  beneficial  ctfcct. 

Chromatagenous  Diseases — /.tucodirina.  Melanoderma. — The  chem- 
ical  or  catalytic  action  of  ihe  gaivaiiic  current  is  theoretically  indlraicd 
in  chroiiiatogeiioii&  or  i>igiiicutaty  di&ea&es.  VVitli  leucodcrma  or  vrhite- 
ness  of  the  skin  and  ephelis  or  stiubum,  and  in  lentigo  or  Irecklcs,  txi 
ex{>erinient^  ho  far  as  wc  know,  have  yet  been  made.  Dr.  Wui.  K. 
Fisher,  of  Hobotcen,  has  treated  a  case  of  melanoderma  of  the  iace  by 
the  galvanic  current,  and  gained  a  complete  cure.  The  sjmii,  which 
was  alx)ut  half  an  inch  in  breadth  and  three  (quarters  of  an  inch  long, 
looked  tike  a  spot  of  mud  on  llie  cheek.  Through  die  courtesy  of  Dr. 
Kisbei  we  had  opportunity  to  see  this  case  both  during  the  proce&s  of 
the  treatment  and  after  recovery. 


Elephantiasis. 

BUpkatiiatit  af  Uu  Ugi,  *v€r  twa  jvan'  rt^miitf,  atunded  vtilk  tiictratiom  9nJ 
great  p^%n — HtUtf  of  fain — Rtmovai  of  Ike  tUphanlint  tkim  and  very  r*marktMt 
rtJtuthH  in  tk*  tiu  af  an*  leg  umder  ioealittJgiiit>amitaU»it'—Smitt^MtiU  deaik  »f 
fatitHt  fram  tikauitwn, 

Casr  CVI  [.—Mr.  P.,  an  Enctishmui  of  middle  lire,  a  man  Mrong  utd  vigoroa 
bejrond  iIk  avnagc,  a  ilii^iller  of  oiU  hjr  occnpalion,  reluming  fron  hb  dAilf  dulta 
on  ihc  evcninij  of  FebruArj-  »i),  1870,  ob«cnr«1,  on  retnu'lng  lu»  lock*,  a  uiuU  Ub* 
t«r  on  lli«  inner  U(l«  <A  ihe  left  ankle.  TKe  neitt  A».f  Iw  «ll«l  <fn  tut  pliyacUa,  Dr. 
RottuQ,  uii'Jer  whOK  care  he  remainetl  fi>r  one  >car  and  more. 

Ttie  (U(eit>e  spmd  over  the  itft  Uka  snd  ankle,  sikJ  in  about  twa  montluthe  right 
foot  was  uinilarly  aiUtkitJ.  The  blUlcr^  as  Utcy  niptiuvd  left  inflamed  and  Uigry 
eurfacei  in  their  track.  'I  lie  diseau:  invtlveJ  the  ntrfaoe  of  the  feet,  and  hotk  \t^ 
up  to  the  kciecv  The  treatment  carried  out  by  l>r.  R.  was  moitdy  of  a  lontc  and 
alterative  character,  with  local  appltizationsof  sl]rccrine,  carbolic  acid,  and  lead  wash. 
At  ouc  time  Dr.  Johnson  law  ibe  com;,  coiiltnned  the  dL^nout  of  eleptuniiasi^  and 
lendered  a  diognonti  poDiively  unfavorable. 

We  liriC  mw  the  com  \fj  rcqneu  of  Dr.  R.  in  May,  |372.  At  that  lime  the  right 
leg  below  cite  knee  ineuttred  twenly-fivt  tmhti  in  circunifcrence,  and  it  wu  covered 
all  over  will]  elcphnnline  (kin,  exceptiD£  an  ulcerncing  sur&ce  below  ih£  ankle. 
Tlui  ulcer  was  treated  with  chartoal  poaltic«  and  discharged  freel/.  The  left  kg 
was  not  greatly  enlarged,  but  wax  ted,  angry,  and  infUmcd,  and  kept  up  an  incetuat 
ditchargc  from  the  kUTfacc. 

The  palient  sufftred  korrihlt  agnnitt,  lu  (hat  at  night  the  nHgbbon  were  diitmlMd 
by  hii  bowling.  He  wai  unable  (o  move  fiom  the  sofa  oa  wtitch  he  lat,  and  where 
be  worked  at  hit  acirly -learned  trade  of  dcaning  gloves. 

By  our  request  Dr.  £.  Mann  at  f rsc  undertook  the  eicperi mental  treaiment  of  Ihe 
t)y  electricity.     We  bod  never  known  of  clephantioiU  l>eing  treated  electrically. 
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tad  K*ve  ad  unrkvoraUe  prag;Boiia,  and  were  indecH  bielised  not  to  ftltempl  1( ;  anljr 
by  tlw  eameii  rw|ue»t  of  the  patient  md  hi*  physiclu)  we  decided  t*  iry  ajid  wf 
whether  we  tnighl  give  him  umc  relief.  LtxaluKd/anu/itali^i,  at  firit  tried,  uxom- 
plubad  nolbing,  euhJ,  m  great  wu  tlie  aiucttlKsiA,  wu  not  Tclt  b/  the  patient. 


tio,  104, 
Etephan[i»us  of  [efft  before  ireatmenl  hy  eledridty. 

Locftliicd  galvamMlian,  by  inetiu  of  wet  ipoim;et,  uid  both  pola  with  zlnc-cvboa 
battery  of  nxteen  cell*,  wu  appreciably  fell,  anil  very  wcm  begin  to  relieve  the  pain. 

The  applicftiions  were  from  ICD  to  tkiity  miftute  in  lensih. 

Af^er  two  muntlu'  trolmenl  the  elephatitine  atun  on  the  left  leg  was  recoovod,  the 
pain  hod  ceaaol,  lunl  the  leg  wx%  rcrluceil  in  circuinference  from  twraly-five  to  iev<n- 
t*m  intkfi.     The  ulccrateil  pnriion  hrlnw  (lie  anWIe  wai  atio  nearly  wpH. 

Tlve  «lTCtrtcal  treitiiieiit  wa«  then  ilitoDuilnued  fur  aercral  inonlhi.  During  the 
latter  port  of  iha  liine  there  were  evidence*  of  relapte  and  reappearance  of  uk-en  and 
pain.     Tbe  cas«  wu  »cca  at  vatioui  stages  by  a  larip:  ncmbcr  of  the  proldiion. 

Hie  patient  subsequently  relapsed  somewliat  oti  a  discontinuance  of 
the  treatnietit ;  was  again  treated,  though  wllii  less  benefit,  by  our  as- 
sistant. Dr.  Sterling.  Among  other  mcthodti  central  galvanization  was 
tried,  but  without  perceptible  effect.  In  the  course  <rf  a  year  the  pa- 
tient (lied  exhausted. 

Ahpieia. — In  this  condition,  local  galvanization  has  been  used  with 
sonic  benefit.  Our  own  observations  in  this  particular  affection  have 
not  been  very  extensive. 

The  question  that  has  been  often  asked  us,  whether  paianites  on  the 
»kin  can  be  killed  hy  a  current  that  the  patient  can  easily  bear,  we  are 
unable  to  answer. 
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Permanence  of  the  KesuUs. — The  T«y  natural  question,  whether  tht 
results  obtained  by  clcctri<.ity  in  diseases  of  the  skin  are  more  i>t;rma- 
lieiit  tlian  those  obtained  by  ordinary  nielhoclii,  the  future  must  an&wcr. 
'I'hat  relapses  may  occur  after  a.  cutaneous  disease  has  even  yielded  to 
electrical  treatment,  already  has  been  demonstrated.  To  what  extent 
central  galvaniuilion  and  general  faradisation  combined  with  local  treat- 
ment can  control  ttic  diathesis  must  l>c  ascertained  by  patient  and  per- 
sistent experiment. 

That  the  results  of  electrical  treatment  are,  lo  say  the  least,  as  per- 
manent as  those  derived  from  the  accepted  mcthod<i,  and  that  after  the 
accepted  methods  have  partially  or  entirely  failed,  electricity,  either  alone 
or  in  conjunction  with  the  accepted  methods,  may  succeed,  we  have  sat- 
isfactorily e&lal  libhed. 
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Among  the  diseases  of  the  organs  of  digestion  for  wkich  clecti  icily 
tuu  been  successfully  employed,  arc  dyspepsia,  jaundice,  constipation, 
chronic  diarrhira,  ^ttsfra/jfia,  abdaminal  neuralgia,  vomiting  or  regtir- 
gitalion,  jfatuUnce,  and  sea-sickness. 

Electro  Diagnosis. — -Irritable  conditions  of  the  stomach,  liver,  and  in- 
tctitincii  are  sometimes  revealed  by  their  sensitiveness  to  the  electric 
current.  I'ains  must  be  taken  lo  distinguish  the  sensitivenew  of  the 
skin  from  that  of  the  internal  organs. 

An  an.'cslhelic  condition  of  the  liver  is  tiometimea  exceedingly  marked. 
In  several  of  our  ca*tfs  the  whole  power  of  the  faradic  apparntus  was 
not  painfully  felt,  when  localized  through  the  liver  by  large  sponge 
electrodes.  Irritability  or  ulceration  of  ihe  large  intestines  is  some* 
times  indicated  in  a  %-cry  marked  manner.  For  the  diagnosis  cf  tlic  dis- 
eases of  these  organs,  the  faradic  curient,  on  account  of  its  superior 
mechanical  effects,  is  preferable  to  the  galvanic. 

In  nervous  dyspepsia  there  is  frequently  a  peculiar  and  very  unpleas- 
ant tenderness  in  the  epigastric  region,  so  that  only  a  very  mild  current 
can  be  borne.  In  some  cases  a  thrill,  with  a  sinking  sensation,  is  felt 
when  the  electrode  with  a  strong  current  is  passed  down  the  spine  ;  Ld 
other  cases  the  applicarion  of  a  strong  current  at  the  cilio-spinal  centre, 
or  on  the  crown  of  the  head,  causes  a  feeling  of  nausex  The  spinal 
irritation,  on  which  nervous  dyspepsia  so  frequently  dciwuds,  is  indi- 
cated by  tendcmcsa  of  the  dorsal  vcrtebnc,  as  revealed  by  pressure  or 
application  of  the  current. 

General  Principles  of  Electrical  lyeatmtnf, — Electrical  treatment 
is  serviceable  in  the  disea-se^  of  the  organs  of  digestion  in  two  ways  ; 
First,  by  improving  llie  nutrition  of  the  tissues  of  the  organs  ;  Secondly, 
by  improving  the  nutrition  of  the  brain,  spinal-cord,  syiiip.ithctic,  and 
entire  nervous  sysiem.  The  tonic  influence  on  the  nervous  sy«em  may 
be  obtained  by  central  galvanisation,  and  by  general  faradisation. 

The  uiechanical  induence  on  the  tissues  of  the  viscera  may  be  ob- 
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taincd  by  general  or  localized  faradization.  A  funtlamenuil  fact  ol 
great  iniporlnncc  In  the  treatment  of  disorders  of  the  digestive  tract  is 
this,  tliat/ff/-  applkaiions  to  the  abdominal  visetra,  liomaek,  spleen,  liv- 
er, in/esiines  anti  uterus,  thefaradic  current  is  usually  preferable  to  tht 
gahanic.  The  reason  for  Ihis  is  tliat  the  famdic  current  acts  more 
vigorously  on  ihc  miiscles  than  the  galvanic,  and  therefore  produces 
more  powerful  meehanifal  eHecii,  with  passive  exercise  of  all  ihe  deep 
tissues.  It  may  be  safely  said,  then,  that  we  Itnnw  of  no  treatment  more 
sure  to  relieve  ihi2  leading  and  concomitant  phenomena  of  dyspepsia  as 
general  faradization  and  central  galvanization.  In  connection  with 
thid  we  somcliineu  use  galvaniialion  of  the  sympathetic,  the  pneiuno- 
gastric,  and  spine.  General  faradization  relieves  nervous  dyspepsia, 
not  so  much  by  the  virtue  of  its  influence  on  Ihe  stomach — although 
it  directly  affects  the  stomach — as  by  its  influence  on  the  nervous  condi- 
tion of  whidi  the  dyspepsia  is  a  syrnplnm. 

The  mmiber  uf  our  cases  in  which  dyspepsia  was  the  only  symptom 
was  comparatively  small ;  the  number  in  which  it  was  a  promineoi  ac- 
ccMiipanyiiig  syi'iiptorn  wa*  quite  large.  Most  of  the  cates  of  hysteria, 
nervous  exhaustion,  and  liypochoadriasis,  and  very  many  of  the  cai^cs 
of  neuralgia  and  paralysis  were  more  or  less  complicated  with  dysptrp- 
tic  symptoms.  Relief  of  dyspepsia  is  one  of  the  earlier  signs  of  im- 
provement under  electrization,  even  when  treating  cases  in  which  ic  is 
merely  an  incidental  coiulition. 

The  stomach  and  liver  may  be  indirectly  galvanized  through  the 
pncumogastric  in  tlie  neck  ;  Ihe  stomach,  liver,  sjiicen.  kidneys,  and 
intestines  m.iy  be  directly  faradized  by  a])plying  large  electrodes  with 
very  fine  pressure  over  the  back  and  abdomen,  so  as  to  pass  the  cur- 
rent directly  through  \\vi  organ  that  we  wish  to  affect.  Except  in  cases 
of  disease,  these  organs  will  bear  strong  currents  without  severe  dis- 
comfort. Either  stable  or  labile  applications  may  be  used,  without  re- 
gard to  the  direction  of  the  current,  from  three  to  ten  minutes,  or  even 
longer. 

Pragnasis. — For  the  tem[>Qrary  or  permanent  relief  of  nervous  dys- 
pepsia, the  prognosis  under  the  treatment  above  indicated  is  exceed- 
ingly favorable,  and  the  results  obtained  by  general  faradisation  and 
central  gahanitaiifin  alcne  are  some  of  the  most  remarkable  in  lAertt- 
peutics.  CasCj  of  nervous  dyspepsia,  with  their  manifold  complicatioo^ 
arc  on  the  whole  the  best  tests  that  can  be  offered  for  this  method  of 
treatment.  Not  only  are  the  purely  dyspeptic  symptoms  relieved,  but 
there  is  great  improvement  in  sleep,  and  in  strength  of  muscle  and 
braia,  and  in  sotQe  cases  very  otarked  increase  in  weight.    Relapses 
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are  not  unfrcquent  in  this  disease,  especially  under  bad  hygiene ;  foi 
with  many  the  tendency  to  nervous  dyspepsia  is  heredilary,  and  is  con- 
tinually liable  tu  manifest  itself. 

Oys/e/'tra,  atromfanied  hy  a  vcrathtu  a^petUt  and  a  eonUanl  hurmimg  in  tJit  ttrm- 
aeh—Apprnximaie  rttntry  tmdtr  treatment  iy  gtHfralfaraJiuxtioM. 

Casb  CVIII. — TI1C  case  ofMr.  S.,  aj^  3i,preKnt«d  sympionnorthe  old-ftuli- 
loned  vtrlety  of  iiidigcMion.     Htk  appearance  (Ud  not  imllcate  uiy  ipecial  or  wmoy- 

A  year  preirioDsly  tie  began  lo  eicpcricncc  an  un«ui)r  reeling  in  ihe  cpiEAstrie  nglon 
jflfr  caiin^  a  \yitnHy  n\v:d.  Tliis  ^yinpiom  ^rwtuaily  Ixcame  more  a^^avnied,  uniU 
It  was  a  toDtce  o(  setiou*  annoyn-nce. 

He  ha<l  tieen  adviwd  to  limit  himielf  !(•  a  spare  diet,  inH  had  attempted  la  rcgu- 
laie  i>j«  quaiility  aii'l  ({ualiiy  of  hit  tooA.  In  [his  he  fai1e<I  on  account  vf  anoihcr 
■ytn[}loni,  vihich  bcrore  hid  escaped  his  observation.  Wc  refer  to  boulimU— in 
oilm  words  a  voradous  appetite,  wliich  refuMd  to  be  coniToUed.  The  enomvoua 
amouni  of  food  which  he  devoured  at  c%'ety  meal  wu  but  panially  digented.  A  con- 
tiderable  portion  iva*  occBsonally  vomited.  When  hit  mcab  -Mtn  withheld  a  •Jntrt 
lime,  he  experienced  an  indewiibable  "sinking"  »t  the  stomach,  impelling  htm  lo 
Mtze  vontdouily  on  uiiclcs  of  food.  He  eampl»tn«^  eipeeially  of  a  coniUuit  len* 
ution  of  heat,  or  a  hiiminj;  |i.itn  in  the  e|nga<itrinin,  which  n»  aggravated  by  lite 
Ingestion  of  food.  Wc  ascrilied  ihU  s)-inptoRi  lo  an  exc«sUve  vucuUr  irritation  of 
iheaueoat  membrane  of  the  uomach. 

An  unequal  circulation  was  tnaiiifetted  by  cotd  extremities  during  the  day,  and  hoi 
feet  at  nigh:. 

Ucrangemenl  of  the  hepAlic  function  was  eddenl  \>y  Ihe  light  cUy-colored  *lool<^ 
while  the  urine  *m  lii*3riibly  almcut  cilorleas.  The  patient  wa«  accustomed  to  the 
habJiital  iii«  of  alcoholic  Mlmulants,  bnt  never  to  the  point  of  iniaxicaiion.  He  hud 
u>cd  slrunj;  coffee  nnd  tea  lu  exc-e^s  hut  iud  for  aonie  munths  abstained  fiotn  them 
altogether.  Tlie  foradic  current  wax  tKutcly  fell  over  tbc  siomaeh.  Orcr  ibi  body 
gtnerally.  however,  he  bore  a,  current  of  more  than  ordinary  intengty.  Three  appli- 
caiionn  tpven  in  the  coiine  of  a  t^-eek  appreciably  le«cne>l  the  Irriiatioa  of  tbe  ilis- 
catctJ  organ.  Thi<elTe^I  wa.^cvince<1  by  a  decrcaK  in  the  burning  sensatioa,  which 
wa.-<  mcntioncil  as  n  diuitrcenblc  and  marked  symptom.  Tlic  vomilin][  was  cfTcclu* 
ally  cnntrolled  after  two  orceL*  of  Irealmeni.  Twenty  applicalloni  adminiKiered 
during  a  period  nf  two  mantlu  resulted  in  an  approxtRiate  cure. 

Tbe  voracluiu  appetite  wa«  in  a  great  niea^ire  mbdtiei),  and  It  wasi  only  after  some 
indiicrtiion  in  diet  that  any  uf  the  old  local  symptoms  relumed  tuSclently  to  annoy 
the  patient, 

A  eait  of  indi^ettion  tutd  tittiiiiM  votaitlng  mioeiateJ  tviti  amtttAeJt'a  and  wniif- 
N/zf  ef  right  tide — Affirfiximalf  reewery  cf  indigulifn.  He.,  nndtr  gatvamiaatien 
tf  tht  $ympmkitk,  pHtHmfgajtrit,  and  rtUrf  pf  ikt  att/nlkena  vndtr  gtnerti 
JaradiuHien. 

Cask  CIX.  — Miu  C,  a^ed  33,  came  loa<^  in  October,  iSjcs  with  the  followmf 
history :  She  lufrcted  during  childhood  for  Kvcnil  years  from  chorea  of  the  right 
ride,  which  at  tbe  age  of  twelve  cnlirdy  dbappearcd. 
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S!>e  then  eojt^cd  fair  health  wtitil  the  age  of  31  jcars,  wbei  a  coqdition  of  indlpfc 
tion  tiipcivencd  that  wsa  fearful  in  Lis  effects.  Hardly  anythioc  cool'^  ^  tet^ned 
upnn  hci  stomach,  and  flurinj{  Ihc  winlcT  she  watted  almoK  lo  a  shadow,  aiid  b« 
life  «nu  ^«s[Kui«d  of.  Under  gnlrauiullon  of  the  sympathetic  and  pneumoewtrk. 
ber  dytpeptic  lyiDptunit  improved,  ami  Ihc  vomiting  became  decidedly  le«v  Aftet 
two  months  of  this  [n^tment,  »!ic  had  tncreaMd  in  iireti[hl  to  her  normal  xtimdard, 
ajiii  wlieii  we  but  saw  her.  she  was  able  tu  letaiii  the  ;;Te9tec  potlion  of  the  food 
ingested.  Since  the  digcUioii  bewail  to  inprorc,  bowever,  the  left  tide  of  ilw  body 
twrJmc  madioily  aiMr.lhrtic,  «Jd,  and  giwtly  deficient  in  wrcnKlh.  The  onx»it« 
aide  wai  I'ltglitly  ]ai«.-ted.  General  raradluticin  repeated  tia  or  cighl  tttnca  almod 
completely  rclicTed  tbeic  aymptuuu. 

Dytptptia  of  many  yean^  uanitHg — Graa  imfrmievttnt  unJtr  griural  /araJii*- 
tiom,  omJ  imtTMtt  in  weigAt  of  thirty  ptitadt. 

Cask  tX.  -  Mr.  T ,  a  bookscUcr,  aged  31,  stated  that  for  a  nnmbcr  ofye^n 

l»e  bail  suffetL-d  fioru  chrotiit  dyipqisia,  which  had  rcmlerc"!  hi»  !ilc  miwiBble.  He 
had  tost  much  in  flcsli.  Alihou::h  5  ft.  8  ins.  in  Iicij;lii.  di-  weight  wa.  but  about 
one  hnnd red  pounds.  He  complsined  of  re^trgitationt  from  (he  «toi9t*rh  of  an  in- 
tensely sour  Uquid,  ami  oti  rlilcv^  In  the  momlns  he  was  often  troubled  witli  pyro«K 
Tymponitb  wat  a  fte<.iiictit  ^mptom,  and  oftctitiine*  tlie  accutnuhlion  of  gm«  Hitliio 
Ihc  Etonuch  cmbarrasHid  the  rcsjiiraiion  and  di<iturbed  the  action  of  the  bexrt. 
Trcainlcnl  was  commenced  ahoiii  the  middle  aS,  October,  1S66,  and  continueil  fair 
four  weeks,  general  faiadieation  licing  apiplied  Ihrce  timet  CAch  week.  The  daily  re- 
gur£ita.tLau«,  the  tymintnitii,  and  pyrosi*  [;iadua.lly  ccafcd  lo  annoy  him  ;  and  after 
[lie  tenth  ippliratliun,  lie  infimned  u>  that  during  tite  munih  be  had  increaied  in  weight 
«<«nc  fifteen  poiinii*. 

About  the  lieijiiniInK  of  January,  1867,  he  call«d  upon  os,  «alin|;  thai  his  health 
waa  eic«Ueni,  and  that  hii  total  Jitucnie  in  weight,  unce  be  fini  commenced  trcai- 
•nent  by  clcctridty.  was  some  thirty  pounds.  He  said  that  he  did  not  feel  that  hit  di< 
f[csliire  or(tnii4  were  as  strong  a»  they  Iiad  been  befure  he  was  attacked  with  dy«pep- 
na,  but  I  l«r  hail  ceaanl  to  give  him  any  comiikrable  annoyauce. 

Xtrtvu!  ityifitpiin,  assuciaifii  vilh  fitruvlital  attatkt  i>f  ktasiatkt  anJ  twmiting—^p- 
prexiautU  rrewery  and  rafid  imertaJt  tn  weight  ft^h^tr  grttfral far<t£aa$ioH 

Case  CXI.— a  young  man  oon)ulte<I  11*  Iti  the  fjll  of  1S66  for  a  pcriiuenl  form 
of  ncrvoQs  dyspepsia. 

He  was  of  a  weak  nen'oiu  orj^lxatlun,  and  picMiilcd  a  remarkably  anxmlc  and 
emaciated  appearance.  Every  tnontli  or  Ax  weeks  he  was  proitrated  by  a  sercre  At* 
tack  of  headache  and  (ramitioig,  from  the  effects  of  wliich  he  wi>idd  not  recoro-  far 
irveral  dayii.  In  administering  a.  general  application  of  the  faradic  current,  it  tm 
found  lUat  Ilie  liver  was  relatively  the  moil  wtiMtive  to  in  iitRuence.  So  cKbaustjv 
wai  the  »en-iaiion  pro<]uced  hy  the  elcciritily  in  lUi*  Dr|;nn,  thai  vciy  derided  q«fk 
lorat  of  faminest  followed.  He  soon  rallied  from  itK  cflccts,  an<l  when  he  viutod  us 
two  day*  lalisequcntly  lie  exprevted  tiimielf  as  having  experienced  very  marked  and 
l^teful  relief.  A!  cacli  Miting  be  was  able  10  bear  a  more  inteiiK  curtenl  orer  the 
Kcctlive  orgaas  and  body  generally.  The  l>eneficial  cfTetts  of  the  appltcaii<«i*  <i-et« 
RMm  manifest  by  a  more  natural  and  lively  appclile,  relief  of  cunttipation,  by  gn«t^ 
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IncrMted  vI);ot  of  mind  and  body,  aad  by  the  Don>r«curreiic«  of  bii  uuial  paroKV^n 
of  bcadulie  and  vumiling.  The  finl  sppUolion  was  given  October  24,  and  the  fif- 
lemtli  «nd  last  in  the  early  p&rc  of  Dcoember.  During  the  U'c&tmsnt  the  wclcht  of 
ihl«iuiieni  Increa;^  from  106  to  115. 


A  number  of  cases  in  which  nervous  dppepsia  was  a  symptom  will 
be  found  under  hysteria  and  allied  afrection&,  neuralgia  and  paralysis. 

Canstipaiicn,  Chronic  Diarrkaa,  and  Jaundice. — Constipation,  asso- 
ciate^! with  and  conslittiling  a  part  of  nervous  d}'$pe]}9ia,  i»,  like  dys- 
pepsia, disposed  to  yield  rapidly,  and  often  pcmianently,  to  eleciri/a- 
tion.  Nest  to  insomnia,  it  is  the  symptom  first  to  jielH,  afrer  general 
faradization  is  used,  even  though  there  may  he  subsequcnl  relapse. 
Vcr>*  many  of  the  casea  related  under  dyspepsia,  h)Tiochondri<isis,  hys. 
teria,  and  nervous  exhaustion,  were  to  a  grcalcr  or  less  extent  troubled 
«rith  coDstipatioDi  even  wbeo  this  symptom  was  not  specified ;  and  in 
the  majorit)'  of  cases  there  was  important  relief- 

The  relief  is  sometimes  merely  temporary  ;  relapses  are  most  likely 
to  occur  in  those  cases  that  are  of  a  hereditary,  or  at  least  life-long 
character, 

It  not  unfrequently  happens  that  a  strong  application  is  followed  the 
neit  or  even  the  same  day  by  a  freer  alvine  discharge  than  usual. 
Constipation,  much  more  frequently  than  is  siipposed,  depends  on  an 
irritable,  exhausted,  or  congested  condition  of  the  spinal  cord.  That 
myelitic  and  the  more  serious  lesions  of  the  spinal  curd  are  accompa- 
nied by  a  deranged  condition  of  the  bowels,  cither  constipation  or 
diarrhoea,  is  fully  recognized;  it  is  not.  however,  so  well  understood 
that  spinal  irritation,  even  in  its  milder  degrees,  may  have  constipation 
for  cue  of  its  symptoms,  aod  that  this  symptom  will  disapptiar  with  the 
removal  of  the  cause,  by  treatment  directed  to  the  spine.  For  those 
cases  that  rcsnlt  from  incurable  disease  of  the  brain  or  spinal  cord  only 
temporary  relief  can  be  obtained.  In  such  cases  relapse  usually  occurs 
as  soon  as  the  rreatment  is  discontinued.  Very  obstinate  and  life-long 
cases  uf  consiipatiou  sometimes  arc  not  benefited  by  any  fonn  of 
electrical  ireatmenl. 

Eleclrixaciun  m3.y  be  said  to  rdteve  constipation  in  several  different 
ways  : — 

t.  By  its  general  tonic  effects  on  the  system  at  large,  on  the  samo 
principle  that  it  relieves  nervous  dyspepsia. 

2.  By  its  tonic  effects  on  the  central  nervous  system,  and  especiallj 
on  the  spinal  cord.  On  acc(>unt  of  the  fact  that  very  many  cases  of 
ronstipation  depend  on  a  morbid  condition  of  the  c  jrd,  special  atten* 
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iion  .should  be  given  to  the  S[>tae,  vrhatevei  may  be  the  method  of  etec- 
I  tiisation  emplojed. 

3.  Uy  its  direct  effects  on  ihe  organs  of  digestion.  The  mechanical 
action  of  the  faradic  current  especially  gives  tone  to  the  stomach,  liver, 
and  intestines,  markedly  increases  the  hepatic  and  intestinal  secretions, 
and  aids  the  [wristaltic  action  of  the  intestines. 

In  Jaundice  the  results  of  our  limited  experience  have  been  more 
iavorablc  tliaa  the  reverse.  In  cArPnic  diarrAaa  we  have  succeeded  in 
a  number  of  striking  instances. 

The  treatment  of  all  these  conditions  is  worthy  of  far  more  attention 
than  it  has  thus  far  received  from  eleciro-therapeutiBts. 

fftliittul  eonj/ijutficm  for  fi/tttnytars — 1^9  frrmatunt  htntfit  fr«m  mrdieatmn- 
Rapid  impr^vtmtnl  under  gtnerel  faradUalien—Rilapte. 

Ca«K  exit. — Mr.  N..  Kgcd  30,  ■  prhtter  cnploTCi)  in  the  ofBceoftbcNew  Voric 
Timet,  wu  tent  to  ut  by  l>r.  Si.  Jnhti  Roon.  For  fifteen  jrean  he  tuul  tuflcrcd  finm 
Con>>tipaiiun,  So  pcnisicnC  were  tlir  lymptoins  ttiai  nciihrr  well-directed  meilioi. 
(ion  nor  tucli  hygienic  mea-iure*  *s  lie  could  comiuard  were  of  any  kvalL 

The  appetite  wu  gotxl,  anil  llie  ^Ivep  uKKlcnudy  wtunU  and  rcfreffaing.  The  pAtieot 
complained  of  &,  kck  of  m-clgtit  or  oppnssion  in  th«  Abdomen,  of  flAtulcncc,  tad  oc- 
caiilaiully  of  a  Mlfht  fcdtng  of  nausea. 

The  evacuAlioiu  often  cnme  away  in  ktiolty  lumps^  after  mach  ttnuning  And  «i 
MliplniMni  dblcntion  of  (he  anut.  A»  «  con»c<)ncnce  of  this  torpor  or  want  of  va^ 
ccptitiilUy  u(  ilic  inicstinc\  his  lieolili  had  become  considerably  impaired.  He  com*  1 
plained  of  a  (rcncral  fceliag  of  inalai-w  and  a  ctitdinatton  to  engage  in  any  active  eFovt.  ' 
Above  oil,  however,  he  &iitTcrcd  coniinuslly  from  most  painful  mental  depfCBiop. 
The  munocony  and  cimfinement  o\  bu  occupaiioOt  toccther  wiih  the  unnaturni 
method  nf  lilc  of  working  at  night  and  sleeping  during  the  day,  doubting  xrvrd  to 
MggnLVAte  lhcch,iritcter  of  lihdiMidcf.  He  ret-eived  only  tlirec  applicaittont  of  ilt* 
faradic  tuirent,  which  resulted  in  an  cxlraordtnary  tmptnvemcnl  in  his  grncral  symf»> 
tomv  Aflci  the  lint  stance  the  ImwcU  moTcd  freely,  and  coniJniieil  to  do  so  ewry 
day  while  he  vikiicd  im.  lie  was  complcidy  relieved  of  hii  nieuial  and  phyucal  dc- 
pteuion,  nnd  in  every  respect  was  mure  viKoroiu  than  for  many  years  before. 

The  bowebi  cuiitiiined  rt^utar  fur  several  months,  when  the  old  symptonts  gradually 
returned.  The  patient  ciijiiin  applied  to  tu  for  trcaimenl.  and  was  relieved  as  effce> 
ttully  as  before. 

Oittinalt  nnitipaliou  rttifvrdhy  »  fen  afplicationt  tf  th* /aradU  turrmt. 

Cask  CXHI— Through  the  Itindneaaof  Dr.  Howard  Pinckney  we  treated  an  obott* 
nnte  aac  of  conttipation  in  a  lady  aged  about  30,  who  al«o  sulTcted  liom  fever* 
tDcnorrhogia  and  ncrraux  exhaii^tloii.  A  few  applicatiunt  uf  j^eneral  far  ■dilation—' 
the  current  being  directed  more  padicularly,  however,  to  the  intestinal  trsct — relieved 
tblft  cundiiiun  vd  decidedly,  thai  it  u-na  uniiecewiry  to  coqIlquc  the  trestracDl.  A 
ytar  ^^btcqucntly  a  ungk  application  relirvnl  the  p«timi  nn  a  return  of  tlw  oU 
Prn)p">nL 
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J-J 


In  some  cases  of  very  obstinate  constipation  it  is  of  sdviintKge  to 
localize  the  current  by  internal  applUaiions.  This  may  be  acconi' 
plished  by  means  of  a  recta!  electrode  (Figs.  io6  and  loj).  This  may 
cither  be  non-insulated,  or  insulated  up  to  a  point  near  the  tip,  and 
may  he  double  or  single.  A  vtry  powerful  current  may  be  borne  in 
ikt  rectum  without  discomfort.  The  other  pole  may  be  applied  at 
different  points  over  the  abdomen. 

With  the  double  rectal  electrode,  as  with  double  electrodes  of  all 
kinds  there  is  so  small  a  portion  of  the  body  interposed  that  the  resist- 
ance is  very  feeble  and  only  a  slight  current  will  be  borne. 


PiOl  lof. 

Rectal     Electrode— Don-ia<ak- 
led  (Kiddtr). 


Flo  taj. 

Double  Rectal  Electrode 
(Galvuio-Fuulk  Uig.  Co.) 


Ftc.  nt. 


In  a  case  of  obstinate  constipation  following  parturition  we  tried 
in  SLiccessioii  external  and  internal  faradization  and  external  and  in. 
Icrnal  galvanization  with  strong  currents  without  effect 

J/rut  {/nvaginatifin). — Althaus  reports  two  cases  where  powerful 
faradisation  availed  to  cure  constipation  when  the  ordinary  remediei 
^ad  been  tried  in  vain.    The  negative  pole  was  applied  to  the  spine, 
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and  Uie  positive  passed  over  the  abdomen  in  the  region  of  the  large 
iuteiititie.     In  chtee  minutes  a  very  abundant  evacuation  a|ipcarcd. 

The  second  case  wa»  severe,  but  not  as  long  surging  as  the  other. 
The  patient  passed  much  blood  at  stool,  and  was  fast  becoming  ex- 
liausted  The  same  applicxtion  brought  rcHer,  though  not  so  speedily 
a.t  in  the  preceding  case.  In  two  cases  of  ileus  that  we  treated  in  Uus 
way  there  was  relief. 

Dr.  Clemens,  of  Frankfort,  states  that  he  has  successfully  treated 
invagiitalion  by  tirst  administering  one  or  two  taUespoonfuls  of  metallic 
mercury,  which  settled  down  to  the  seat  of  the  iovagination.  The  neg^ 
tive  electrode  w.15  applied  over  the  supposed  seat  of  the  disease,  and 
the  positive  in  the  rectum.     Voltaic  alternatives  were  used.* 

CkroHtt  dtarrhaa  e/  Hx  m&>t4hi  ttonAng,  aitodattd  with  gtHeml  nturalgia — 
Marked  UndtrMUi  9ver  Ihi  Iratisverjt  tolom — Trmted  by  gentral  fsradinsiivn, 
with  tfeeial  rifertn<t  to  th*  tnvier  tf^ — Unevery  in  Ihrte  xi)t«k$, 

Casi  CXIV,— a  lady,  ag«l3S,  tenl  to  u»  by  Dr.  H.  H.  Gr^ory,  for  a  |.enci«l 

neiinvLgia,  fromwhicb  at  tiniMiJicsulTeredexoevttvety-  Thefaradiccnrrcatwapplied 
aver  the  whole  body,  and  producErd  no  ducomforti  excepting  when  ilvmssent  tlirougb 
a  certain  part  of  tlic  intestuul  tract. 

Thii  ictidcr  %piit  was  located  cir  Ihe  right  dde^  *l'r*c"y  over  the  transvcrw  colon. 
Over  n<%  other  portion  of  the  ali'iomen  wdts  »hc  at  a!I  aciiMtivc  to  tbc  ekctiicily,  Iiut 
al  ttiiR  puinl  a  very  inodi^mtc  uurrcut  prmluLTd  a  iJiMgteealile,  ihitqi,  burning  pain, 
(iinilar  in  tlint  lanini  by  making  the  ap|dicatiiin  to  a  raw  (urrace.  Upon  inquiry, 
[he  paiivnc  iraic<l  that  for  six  monihK  htw  liad  been  annojcd  l>y  a  diairhoea,  which 
pena&ted  in  ipile  of  pcrieverin^  and  jtidicioax  medicntlon.  She  was  obliged  lo  cxer- 
dse  tbc  ulnioM  c^uiiDn  in  her  diet,  for  the  ieftst  icditctctiuD  in  e«iinK  wu  ccrtaii)  to 
aggrarnic  hrr  diiMrdcr. 

We  now  directed  the  a|)plicitlioii»  more  opcctaHy  lo  tKit  Ututrr  tpot,  and  lOon  ob- 
•cmd  »omc  :in:iclionilion  of  hcf  dianhmd  ^mptomt.  Tlie  Wools  BMiiinod  a  Gmer 
con^ency  and  a  mure  healtby  color,  aiul  In  prufiortion  at  ihe  nnpTored  in  lh«ae 
respects  the  lender  itpot  )iemne  Ie»  «en!>itire  to  the  influences  of  ihc  electric  cunoil. 
Eight  applications,  extended  over  a  period  d(  three  weeks,  resulted  in  complete  re 
covecy. 

Diairkmt  0/ tfvtfti  monti/  stsmding  in  a  Ind  pf  twih't  ytoft,  tatutd  by  txpoturt  tg 
toid^Rttfvery  under  itn  xfneml  faraJitationi — Iturtate  in  vttigkf, 

ChST  CXV. — J,  \V.,  agcil  twelve  year«,  wa«  annoyed  liy  an  excc»ive  loowncn 
of  the  bowels  which  bad  peiinitcd  for  tcveral  tnonthK  in  <ipite  of  every  form  of 
tnedlcaiton  that  had  been  tried.  He  was  of  a  delicate  coiuttitutiof^  hot  unlit  ilm 
attach  of  dianhoea  he  had  always  enjoyed  a{;t>od  degree  of  health.  His  mother  at- 
tritniled  hli  diMirder  lo  expouire  during  a  cold,  damp  day,  at  a  time  wlico  bb  syntem 
wu  a  liltlc  hclow  par  from  too  cloie  confitietnent  in  the  achool.rooin. 

A  muilerale  amuunl  of  food  caiiwd  no  discomfon,  but  hu  povror  of  anin^bUioa 

*  Althuu,  op.  dt,  p.  603. 
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MM  con^efaUy  impaiinl,  m  dtnwn  hj  the  i;''c&l  >)uimltty  or  ftlir  enl  iIiaI  pftsaecl  hi* 
bowcl»  t]«il]r.  Ordinarilf  be  lia:!  five  or  *ix  evaciulioai  liuriiig  the  twenty-four 
boiv*;  bat  if  be  iDdulgod  to  any  extent  in  atblclic  cxcrcice*  the  lymptonos  becwne 
autre  urgent. 

On  uiie  ocukMOR,  after  InditlKlns  fur  an  liuui  in  a  game  of  biUI,  he  wm  annoyed 
during  the  night  by  neaily  a  dotal  cvsctiationt,  which  were  attended  with  ounvider- 
ftUc  pain.  As  might  be  inferred,  this  coofitODt  draia  upon  hit  system  hod  tlill  funhcr 
iecrtAied  hb  limited  riock  af  vitality,  and  he  bad  lou  within  three  months  Knine 
twelve  pounds  in  weight. 

The  hist  fuui  up  plica  I  ions  wurkcd  no  i/iipuitaiil  chu>|{c  in  hts  gcncial  condltioo. 

After  llie  fifth  rvat  there  were  manifc»t  ujrits  of  improvement.  Uming  the  twenty- 
font  houix  Itilli^iwing  he  w.i«  corogwlletl  Co  evacuate  hii  lx>weU  liul  three  limes 
instead  ur  five  or  six.  Tlie  imjiruvemciil  ctiiitiniieil  after  e-tch  iukieqaeui  ap|ilica- 
lion,  unlil  the  Dnmbcr  WM  reduced  lo  ant  daily.  The  (xcey  were  of  a  firm  cannt- 
Icnvy  and  unmixed  willi  uikdi|;c'«Led  fuml.  The  cvacimtioits  cnuKd  no  iuflciiii^,  and, 
miue  than  all,  he  had  )[aiiied  nearly  lix  imundii  in  weiglit.  He  could  indulge  in  all 
the  nrdinory  «purt(  of  his  ichuol- fellow*  without  aoy  evil  connoquencet  fallowing. 

The  (Ktiii^i  waa  under  trcaCineol  nearly  a  inontli,  and  the  number  of  ap|i1icationi 
adniiiiikieied  was  ten. 

Ckr^mk  ^orrAua  with  exettiht  paini  in  6atJi  uhJ  aiJeim^'t^Grfat  MiiHy —  Vtry 
grtat  imfr^fWKnt  from  gentrai /araJhalt<fm, 

CasI  CXVl.— Miaa  I.,  «  lady  30  years  of  age^  was  rcfeTred  lo  lU  by  Prof.  J.  T. 
Metcalfe,  Oit.  zi,  1869,  to  be  treated  fordiranic  diarrhwa  of  four  yean'  xaiidtn);, 
oltemftlcd  witti  xonic  inxmU  aiul  mmcular  weaknet*.  The  diachar|jes,  mine  1 1  met 
tcvcral  daily,  were  fiQ|ueiit1y  fallowed  by  severe  pain.  Dclnlity  yms  so  eaccuivc 
that  she  wu  over-fatigued  by  a  t<alk  of  1  quarter  of  a  mile.  Her  appetite  wu  capri> 
dous  and  digestion  imperfect,  and  the  ocindiiion  of  her  bowrU  mftdc  necestary  con- 
Mant  caution.  The  paticnit  referred  her  dtfiicnllici  to  cahaiution  duacd  by  attend- 
ante  on  au  invaliid  siller 

yieclric  examination  revealed  n  marked  tendrrncmover  the  trantvenie  colon,  which 
vaiied  at  diFTerent  timet. 

The  patieai  wai  ireateil  by  (^leral  faradiutlon,  at  iir«t  cautiondy,  but  toon  u 
■he  proved  able  to  bear  ii,  with  i:reUvr  frecdooi,  by  inieivol*,  lor  iJiree  months,  the 
applicniions  being  inode  every  other  day.  ImpTOTcmeiit  began  early,  and  it*  march 
wasconilnuouji  and  mivilly  unifurm.  The  diKhar);»  were  [radually  reduced  in  fre- 
quency, with  relief  of  the  accompanying  pain,  tlioiigh  two  slight  relapses  Occurred 
from  imprudence  at  the  table.  The  CKccuivc  pain  in  the  hack  was  relieved  tempo- 
rarily with  each  application.  From  week  lo  week  her  strength  improved,  and  at 
the  cUmk  of  the  treatment  nhe  could  walk  two  mile«  with  pleasure.  The  incrcaw  in 
we  Mid  hnidnMi  of  ihe  mitsclcs  of  the  upper  and  lower  limbs  wa<  pal[<ab1e.  Occ«- 
sioDal  attacks  of  loosenesit  of  the  bowels  annoved  her  even  then,  bui  they  were  not 
accompanied  hy  the  severe  p*in.  and  were  quite  readily  checked  befure  they  had  time 
lo  impair  nutrition  or  reduce  the  system. 

A  letter  received  from  tlie  pitient  in  Sqrfembcf,  1869,  reported  that  in  the  main 
•he  had  retained  the  improvement  derived  from  the  treatment. 

In  thttcaac  very  ilroni;  and  quite  protracted  applicaltcna  were  given,  and  with 
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coniidvrtblv  thorou(>hnn&  Only  tbe  fiinudic  cuiT«nt  wns  employed,  doce  It  termed  to 
Bteet  all  (he  {n<licalioiit.  T^ic  teinj>viuy  cflecU  ot  general  Etmliiation — rdter  «f 
pftin,  witli  a,  feeling  of  warmth  and  nfaiUnitiaa— were  tUikingljr  observed  ftfl«t  end 
appUaLLbn. 

That  the  opposite  syiiiptaiii& — diarrhcea  aod  co'[i:itipadDii — are  Created 
successfully  by  electricity  need  surprise  do  one  who  tlioroughly  com- 
|»chcnds  the  fact  that  electrical  treatment  improves  nutrition  and  so 
may  be  used  to  combat  any  diseases  thai  depend  on  depraved  nutri- 
tion, whatever  the  sytn)Jtoms  by  which  the  dcpravtsi  nutrition  manifesto 
itself. 


^andiet  teilh  dtiUity  «/ jix  m»nthf  siamding^ Rapid  rtrtmry  under  jtmraf  fmr» 

CASSCXVII.^Mr.  U.,%jied38,  bod  suifBred  at  interrak  fromjantidiceasKKUtcJ 
with  sKcewive  phyni'al  piottralion  for  nearly  ux  months. 

IIU  tiovreb  were  olMiinatcly  cvniltpated,  and  lud  been  so  during  all  thU  period  of 
txxlily  denui^ment.  1  le  hnil  been  phytick«d  at  varioos  time«,  and  mo%t  Ihoroughlj' 
Xff  cilomcL  podophyilin  and  other  cUhartio.  tnd  had  been  consluntiy  under  the  inflB- 
cnc«  of  tonic  remedies.  Thcic  ciToris  had  rciulted  only  in  icmpoiaty  relief,  and  at 
the  lime  he  applied  to  ui  far  treatmeiLE  the  patient's  appeiu-aiice  w<L^  typical  of  an 
aggravated  case  of  jaundi):e. 

Wc  tubmttled  him  on  nilcriiale  day*  to  general  faTadisation  with  rapid  and  decided 
effevL  The  conatig^don  was  fimt  relieved,  and  then  followed  an  incrcue  of  appetite ; 
al  the  «ame  time  Ills  ^in  became  tde&rer,  and  he  increased  both  tu  iCrengtfa  and 
wcighl. 

Tht  result  waa  complete  recovery  wUhIn  a  month. 

(For  Gaslralgia  sec  chapter  on  Neuralgia.) 

Uigur  Imitation  and  Vomiiing. — For  those  cases  of  vomiting  that  are 
of  an  obviously  nervous  character,  galvanization  of  tJie  sympathetic  and 
pneumogastric,  or  strong  faradization  through  the  stomach,  is  sometimes 
of  important  service.  Successful  results  have  been  obtained  by  Pepper 
and  Brichclcaii.  The  latter  treated  with  success  three  cases  of  vomit- 
ing  of  pregnancy.  His  method  of  application  was  tn  place  the  electrodes 
on  the  epigastrium  at  the  commencement,  middle,  and  close  of  the 
tneal. 

It  is  well  in  such  cases,  especially  if  they  are  obstinate,  to  try  a  va. 
ricty  of  methods  :  galvanir-ation  of  the  sympathetic  and  vagus,  and  oC 
the  spine,  fiiradiifalion  through  the  stomach  with  a  strong  stable  current, 
and  general  faradization. 

Dr.  F.  D.  Leote,  of  Cold  Spring,  informs  us  that  he  has  met  witliex* 
ccllcnt  tuccess  in  the  treatment  of  vomidng  by  faradization,  in  som« 
wses  the  effects  arc  itnmediate. 
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Flahilenct. — Flatulence  ii  a  symptom  of  disorder  of  the  digestive  or- 
gaii5  that  very  readily  yields  to  electrical  treatment.  It  demands  the 
■ame  treatment  as  d)-spcpsia  and  constipalion.  Those  very  frequent 
cases  that  depend  on  spinal  irritation  and  congestion,  and  on  hysteria. 
need  central  gaIvan;zatiori  or  general  faradization  \  cases  that  dejiend 
on  an  attack  of  acute  indigestion  may  be  advatitsgcou&ly  ueatcd  by  in- 
temal  applications,  one  pule  being  applied  to  ttie  rectum  by  the  rectal 
electrode,  and  the  other  to  the  spine  or  abdomen. 

Hatulence  was  a  sympiom  in  very  many  0/  our  cases  of  dyspepsia, 
h)'^(eria,  and  spinal  irritation,  and  almost  uniformly  it  temporarily  or 
permanently  yielded. 

Sea$ickiuss.—\n  October,  1S69,  Mr.  I^  Coniat,  a  French  surgeon, 
presented  a  method  of  treating  sea-sickness,  before  Ihe  New  Vork  Med- 
ical Association.  Subsequently  a  detailed  account  of  the  method 
WAS  published  by  Dr.  Dwindle,*  who  had  experienced  the  good  effects 
of  the  ireatmenl  on  his  own  person  in  a  passage  across  the  Atlantic 

His  method  was  10  tirst  apply  a  quantity  of  solution  of  atropine — one 
grain  10  ihe  ounce — to  the  epigasuium,  then  to  apply  a  flat  disk,  con- 
nected with  a  faradic  apparatus,  over  the  pyloric  extremity  of  the  stom- 
ach, while  a  nioiittencd  sponge  connected  with  the  |>0Mtive  pole  was 
passed  over  the  surface,  from  the  cardiac  to  ilie  pyloiic  orifice. 

Vigorous  contractions  t>f  the  muscles  appeared  during  the  applica- 
cations,  which  were  followed  by  agreeable  repose. 

Le  Coniat  claims  to  cure  by  this  method  ninety  per  cent  of  his  cases. 

The  siatcmenis  made  by  Coniat  and  Dwindle  lose  much  of  their  sci- 
entific as  well  as  of  lh«ir  jiractical  value,  from  the  fact  that  the  atropine 
wa*  combined  with  the  fftrndizAlion. 

There  is  little  doubt  that  the  passage  of  the  electric  currents  through 
Ihe  body  facilitates  the  .absorption  of  liquids,  placed  hcnealh  the  elec- 
trodes; moreover,  it  is  well  known  that  the  skin  is  capable  of  absorbing 
liquids  without  the  aid  of  the  electric  currents.  The  quenching  of  thirst 
by  bathing  is  a  very  familiar  illustration. 

Then  again,  atropine  is  a  remedy  so  |>owerful  that  yj(^  or  even  ^\^ 
of  a  grain  is  sufficient  to  powerfully  affect  the  nervous  syslei»,  when  ad- 
ministered hypodemiically.  Futhermore,  it  is  a  remedy  for  sea-sickness 
and  sick-headache,  as  has  been  show-n  by  enperimcnts  of  ourselves  and 
others  who  have  employed  hypodermic  injections  of  this  remedy  com* 
bined  with  morphine.  A  dose  containing  yfj  of  a  grain  of  atropine 
and  J  of  a  grain  of  morphine  is  sufficient  in  certain  cases  to  relieve  the 


*  New  York  Medical  Journal,  1869,  p.  jgcx 
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nausea  and  vuniiltnjj,  and  produce  sleep — the  same  effects  that  are  pro 
duced  by  the  operation  of  Le  Coniat. 

From  all  these  cixisiderations,  takcu  in  conncctioo  with  the  fuilher 
conaideralioii  that  &ca  sickness  is  probably  not  a  dise;i9«  of  tlic  stomach 
a!onc,  but  of  the  centra!  nervous  system,  of  which  the  nausea  and  vomit- 
ing arc  frequent  but  by  no  nuians  necessary  symptoms,  we  are  strongly 
inclined  to  the  belief  that  the  results  obtained  by  I-e  Coniat's  procedure 
could  have  been  obtained  with  much  less  difficulty  by  hypodermic  injeo 
ttons  of  atropine. 

ITie  true  way  to  settle  the  question  ejcperimentally  would  be  to  treat 
a  large  number  of  patients  by  ali  three  different  methods — some  by  the 
))roccdurc  of  Le  Coniat,  others  by  the  same  method  without  the  atro- 
pine, and  others  by  hypodermic  injections  of  atropine. 

Electricity  must  be  proved  lo  have  some  very  potent  in6uence  over 
sea-Mckne&s,  in  order  to  per::iuade  patients  and  phyaicians  w  attempt  its 
use  on  shipboard.  A  surgeon  in  the  United  States  Navy  reports  to  iii 
that  he  haft  had  good  results  in  the  treatment  of  sea-sJckuesft  by  faraili' 
cation. 
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Tm  diseases  of  fetnal-;  sexual  oi^ans  for  which  electricity  has  be«n 
proved  to  be  of  service  are  the  syniiitoms  of  amtnorrhaa,  dysmenorrhiea, 
menorrhagia,  and  ifvc&rrh4za,  although  some  important  results  have 
been  obtained  in  irritation  and  infiammatien  of  the  evaries.  chronic 
metrifis,  enlargements,  displacements^  and  atrophy  of  the  uterus. 

Amenorrhaa,  dysmenorrhtta,  menorrhagia,  and  leuearrhcsa. — These 
tyniptoins  of  disease  are  of  course  most  ajuenable  to  electmation  when 
they  arc  not  dependent  on  any  severe  or  incurable  (jiathological  condi- 
lion,  but  arc  merely  indications  of  functional  derangement.  The  in- 
consistency and  uncertainly  of  the  results  of  the  treatment  of  These 
symptoms  by  electricity  is  entirely  explicable  to  all  who  are  conversant 
with  uterine  [ntlhology  j  cases  that  are  indiscriminately  treated  by  any 
metliod  must,  of  course,  frequently  result  in  a  manner  very  disappoint- 
ing. While  this  is  true  of  all  the  so-called  functional  diseases  of  all  pans 
of  ihe  body,  it  is  especially  so  with  regard  to  the  diseases  of  women. 

Treatment  of  Diseases  of  the  Uterus. — Local,  central,  and  general 
treatment  may  be  employed.  The  local  treatment  may  be  either  ex- 
ternal or  inlcmaL 

External  Method. —  Externally,  the  uterus  and  its  appendages  may 
be  elcclriied  by  placing  one  pole  with  firm  pressure  over  the  hypogas- 
tric region,  and  the  other  over  the  lumbar  region  of  (he  spine. 

This  method  is  sometimes  as  effective  as  internal  applications,  and, 
in  virgins  at  least,  should  always  be  tried  at  firsL  In  this  method 
bene&t  is  derived  partly  from  the  effect  of  the  current  on  the  lower  part 
of  (he  spinal  cord  and  the  abdominal  ganglia  of  the  sympathetic 

Internal  Method. — Electric  currents  may  be  localized  in  the  female 
organs  of  generation  in  a  variety  of  waj-s.  One  pole  may  be  applied 
to  the  OS  by  means  of  an  insulated  electrode  with  a  metallic  bulb 
(Fig.  109).  while  the  other,  mth  a  broad  electrode,  is  applied  to  tlic  bacit, 
or  on  the  hypogastric  region,  or  over  one  of  the  ovaries.  Instead  of  a 
metallic  bulb  the  uterine  electrode  may  be  composed  of  branches  to 
34 


530 


DISEASES  OF   WOMEN. 


dup  the  cervix.    A  mudi  stronger  cturent  caa  be  bom«  at  the  cervix 
than  would  be  supposed. 


Pio.  mS. 

FARAniEATiorr  cp  t»b  Utbrds. — Oae  of  the  poles  U  connected  with  ■  biFurckted 
dcclrnde,  one  branch  of  which  u  placed  on  the  lumbnr,  ftnd  the  other  on  ihe 
hjrpogavirir  region.  The  other  pole  is  applied  In  ifae  ceivlx  (or  at  the  os)  by  an 
inmiUreri  iiletinc  eleclrode^  {Tbe  Donnal  petition  of  the  menu  h  aftcf  Wteland 
and  DuliriMijr.) 

A  method  of  faradizing  the  uterus  U  represenlcd  in  the  accompaoytng 
cut  (Fig.  roSj. 

For  intra-mcrine  faradiiation  we  have  devised  an  inira-u/frin^  ehe- 
trode  whidi  is  represented  m  tbe  cut.  The  basis  of  the  instrument  is 
Mniihr  to  Siius's  sound.  This  is  insulated  with  varnish  ui>  to  within 
three  inches  of  the  extremity;  the  handle  is  of  hard  rubber,  and  is  pro- 
vided with  a  hole  and  screw  for  fastening  tlie  connecting  wire  of  the 
apparattis,  and  a  button  connected  with  a  spring,  by  means  of  which  tJie 
connection  of  tlie  current  can  be  made  or  broken  at  pleasure.  The 
manifest  advantages  of  the  interrupter,  which  is  similar  to  that -of  the 
universal  electrode  holder  (Fig.  no),  is  that  it  dispenses  with  the 
necessity  of  waiting  until  the  instrument  is  in  stlu  before  connecting 
il  with  the  apparatus  >nd  that  it  makes  it  convenient  to  give  ra)>id 
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mtemiptions  and  10  instantaneously  suspend  the  treatment  when  re- 
qnired. 

Wlieii  properly  curved,  this  electrode  uuy  be  used  for  the  krynx. 

Fig.  tit  represents  a  double  intra-utennc  electrode  which  allows  one 
pole  to  act  on  the  uterine  canal  and  the  other  on  the  os  externum. 

Fig.  Ill  represents  the  dcubU  ulerine  electrode  of  Duchennc* 


r 


Fw.  toy. 

Uterine  Elec- 
trode (Kidd«rj. 


rio.  wo, 

BcArd's  rnlra-atetroe 

£lectrod«  (Tiooiana 

*Co.>. 


rta.  III. 
Double  tntra-Utcrina  EIec« 
trode  (Galvano-Fandic 
M(g.  Co.). 


This  is  composed  of  two  plates,  connected  with  flexible  wires,  which 
pass  through  a  sound,  but  arc  insulated  from  each  other. 

On  pushing  in  the  wires  slightly  at  the  point  where  the  connection 
with  Ihe  apparatus  is  made,  the  poles  separate  as  in  Fig.  1 13.  On  agaio 

*  Dc  reiedriuliui  Localise,  p.  89. 
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drawing  them  in,  they  close  as  i>i  Fig.  113.  The  instrument,  which  Is  the 
ftamc  in  principle  as  the  4a*tb!f  vesical  eieetrotie,  is  introduced  while 
closed,  as  in  Fig.  113,  and  opened  so  as  to  clasp  the  neck  of  the  uteraa. 
One  of  the  insulated  wires  is  connected  with  the  positive  and  the  oihei 
with  the  negative  electrode.  Hy  this  means  the  current  is  very  closely 
localized  m  the  neck  of  the  ulcru&. 

Concerning  these  interna)  applications 
of  electricity  to  the  uterus,  it  may  be  re- 
marked : — 

First — That  in  those  cases  where  lo-' 
cal  treatment  is  indicated,  applications 
to  Ihf  cervix  or  in  the  uierns  are  fre- 
quently much  more  efficacious  than  ex- 
terna) applications,  even  with  the  strong- 
est currents.  For  ihLs  reason  it  is  ne- 
cessary, even  with  virgins,  to  insist  on 
intemoJ  treaiinenl,  especially  after  ex- 
ternal treatment  has  failed.  The  uterine 
electrode  (Fig.  io9}can  usually  be  intro- 
duced into  the  va^^ina.  as  readily  as  the 
finger.  The  intia-uterinc  electrode  can- 
Dtwtieiine'*  Double  Uterine  Elec-  not  well  hc  introduced  without  the  aid 
"■'*^"-  of  a  speculum. 

The  other  pole  may  be  applied  to  the  baciL  or  abdomen  hy  means  of 
a  dac  uietaJlic  stuface  or  plate  covered  with  moistened  sponge. 

Secondly — Jniernal  eleetritation  is  not  so  painful  at  external.  Power- 
ful currents  can  be  borne  at  the  cervix  and  in  the  uterus  for  a  longtime 
without  inconvenience.  Patients  usually  comphin  more  of  the  pain 
Iwnuath  the  electrode  which  is  applied  on  the  back  or  alKloracn,  evca 
wheti  the  negative,  wbicti  is  the  suonger  and  more  painful,  is  applied^ 
internally. 

Tripicr,*  who  has  carefully  studied  the  subject  of  localized  faradization 
of  the  uterus,  is  accustomed  lo  place  one  pole  in  the  bladder  by  mean* 
of  a  vesical  insulated  electrode,  or  in  the  rectum  by  a  rectal  electrode. 
In  some  cases  he  connects  one  of  the  poles  with  a  bifurcated  e)ec- 
trode,  a  branch  of  which  is  placed  on  each  iliac  region,  while  the  nega- 
tive pole  is  connected  with  an  insulated  rectal  electrode  in  the  rectum. 
Fourthly — Either  current  may  lie  used.     The  galvanic  as  well  as  the 
faradic  current  may  be  localized  in  the  uterus,  and  sometimes  it  is  madi 
more  effective.     The  danger  that  the  chemical  action  of  the  galvanic 
*  Aoaalcs  de  rEltct'o-Hi^rapic,  1863,  p.  005  ct  Hq. 
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current  will  injure  the  liniag  meiubraneof  the  uterus  is  but  slight,  pio* 
vided  too  strong  currents  are  not  used,  or  the  pole  is  not  allowed  to 
rest  a.  long  time  withotit  breaking  the  circuit. 

/n  aJi  thesf  methods  of  application  either  direction  ej  the  current  may 
be  ttsed.  (See  p.  244.)  In  tlie  treatment  of  uterine  congestion  and 
engoi^ement,  the  positive  pole  Is  slightly  preferable  tu  the  negative 
pole,  for  the  reason  that  it  has  a  more  powerful  contracting  inUucnce  on 
involuntary  muscular  ^brc». 

The  vagina  maybe  treated  by  a  metallic  vaginal  electrode  (Fig.  114), 
with  which  cither  the  positive  or  negative  pole  may  be  connected.  This 
is  u&eful  in  vaginal  leucerrkaa  and  prolapsus. 

For  these  local  applications  either  the  galvanic  or  iaradtc  currents 
may  be  used ;  but  the  faradic  is  u&ually  preferable,  because  in  the 
majority  of  cases  for  which  electricity  is  applied  to  the  fcmiUe  sexual 
organs,  meclianical  more  than  chemical  effects  are  indicated,  Especially 
is  this  the  case  in  amenorrhtea.  Furthermore,  the  currents  may  be  «u- 
bit  or  labile,  uniform  or  increasing,  according  to  ihu  indica- 
tions. Local  application!^  to  the  uterus,  whether  external  or 
internal,  may  be  continued  fur  from  live  to  tifteeu  minutes. 
Several  methods  may  be  tried  at  each  sitting. 

General  and  Central  Treatment.  —  Uut  very  many,  pcr- 
ha]>3  the  majority  of  cases  of  functional  disease  of  these  or- 
gans, require  general  as  well  as  localized  eleclrizaiinn. 
There  is  no  department  In  which  so  many  mistakes  have 
been  made  by  too  exclusively  local  treatment  as  in  that  of 
gy  iiKCology.  No  cafe  p/  funetional  ditturbanee  ef  the  uterus 
ihotild  he  abatuhned  by  the  electro-therapeutist  until  he  has 
faithfully  tried  general  as  well  as  external  and  internal 
hcalised  eleetrisatiott.  To  treat  s)-ntptoins  of  central 
or  constimiional  disturbance  by  merely  local  electrization 
is  iUogical  in  theory  and  unsatisfactory  in  practice.  All 
the  organs  of  generation  in  woman  as  well  as  in  man 
can  be  affected  by  galvanUatioD  or  even  faradization  along 
the  spine.  A  strong  evidence  of  the  beneficial  results  of 
general  faradization  In  these  cases  is  the  fact  that  paticnti 
undergoing  CTcalinent  frequently  remark  that  their  menses 
arc  in  some  way  affected.  In  some  cases  they  are  brought 
on  before  their  time,  in  others  much  increased  in  quantiiy.  So  &e. 
qucntly  docs  this  happen  that  we  prefer  on  the  whole  to  suspend  the 
treatment  during  the  menstrual  periods  in  those  cases  where  00  lher&> 
peutical  effect  is  desired  on  the  sexual  organs. 


K.«.  »■«. 

Elect  rode 
(Kitkin  ) 
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The  time  of  making  the  applications  is  not  unimportuit  It  is  u 
ftdvantage,  in  amcnorrhcea  at  least,  to  concentiaie  as  many^  applicarioiu 
as  possible  during  the  few  daj-s  thai  precede  the  appearance  of  the 
luenses.  And  yet  the  advantage  of  this  is  hardly  as  great  as  has  beeti 
supposed.  The  great  thing  in  all  but  recent  and  tempcrary  cases  is  to 
tL-niovt:  the  ansmia  or  chlorous,  or  nervous  exhaustion  with  which  the 
menstraal  disorder  is  associated,  and  of  which  it  is  a  prominent  factor. 
Another  suggestive  consideration  is  that  tlic  menstrual  flow  may  be 
brought  on  or  increased  t!tvcou%h  r«^ex  actien  by  localized  electrization 
of  other  and  distant  portions  of  the  body,  as  the  baods,  feet,  chest,  etc. 

Siaiicai  EUcirtcUy  (l-'ranklinizatioQ)  has  been  used  for  amenorrhcea, 
and  with  varying  results.  The  very  successful  results  of  Dr.  Golding 
Bird,  in  Guy's  Hospital,  have  been  indefinitely  ciuotcd,  but  have  not 
been  yet  repeated  to  an  extent  sufficient  to  show  that  this  fomi  of  elec- 
tricity is  superior  to  galvanization  or  faradization  in  the  treatment  of 
this  affection,  Others,  however,  as  Holsbeck,  Bitterlin,  Taylor,  Her-' 
vieux,  and  Graves,  have  reported  cures  by  this  method.* 

JVognosis  in  (kt  Symptoms  of  Amenorrhcea,  f/c. — Whatever  method 
is  used,  timt  is  required  to  insure  results.  While  it  is  true  that  a 
single  application,  esiiecially  internal,  may  bring  on  the  menses, — 
may  cvt-n  cause  the  Iilood  to  appear  during  the  sitting, — yet  in  the 
majority  of  instances  treatment  must  be  more  or  less  protracted  in 
order  to  insure  pciinanent  relict  The  very  general  impression  that 
the  object  of  elcctriiatiou  of  the  functionally  diseased  uterus  is  merely 
lo  stimulaic  the  oigan  to  its  duty,  is  a  great  niislakc.  Electrization 
cures  these  diseases  as  much  by  its  permanently  tonic  effects  on  the 
system,  as  by  its  temporarily  stimulating  effects  on  the  organs  them* 
selves. 

In  nervous  dysnienorrhoca  the  prognosis  is  more  uniformly  good 
than  in  aiuenorrhoex  la  amenonrhoea  the  results,  though  often  brilliant, 
arc  quite  capricious,  some  cascii  yielding  at  once,  others  only  lifter 
long  irc-itmenl,  and  others  not  at  all.  In  these  remarks  on  prognosis 
it  is  assumed  that  no  severe  pa:hological  state  is  the  cause  of  the  symp> 
loms. 


AinrfK'rrAaa  ajixiatfd  loith  Amrmi'a — RfKVtry  undtr  general  faraduativn . 
Cask  CXVIll. — Miw  —,  "gwl  ao,  wm  sufferinji  from  ti  con-Iillon  of  excetdve 
debility  uiii  urueooia.  She  wu  hjrsterical  to  ibe  iaxt  degree,  oad  it  wu  with  the 
({tcftioi  JiiTtcttlty  that  sJie  could  Ue  penuniltnl  to  submit  to  elecCrisUion.  Theu 
■ympioms  had  Annoyed  lice  for  about  as  monthE,  during  which  time  the  menstnukl 
flow  hod  docreaacd  in  quantity  tnd  liul  become  LrrcguliiT  antil,  some  two  monilu 

"  Meyer,  op.  cit.,p.  451. 


CASES  OF  AMEN0RXH<3A. 


535 


before  we  »w  ker,  tl  had  slCOEether  ccued.  She  tru  ftt  once  mhmitted  to  gcneni 
fttradiaaion,  ind,  although  an  sxcevdingly  mild  uurrenl  was  uwd,  exceum  fuiitnes* 
WM  produced,  whicli  luted  ncflily  iwenl^  tninutct.  Subuquenl  applicatimu  were 
boroeniucb  more  kindly,  tdthongh  the  slreni;th  of  the  current  wu  decidedly  ioCTeftsed. 
Her  nieiSKs  returned  after  the  ci|;hth  application,  and  during  the  (leaicncnc,  which 
wu  contitiued  for  !>ix  weelc.s  the  color  tetumcd  lo  her  cbeck-%  her  step  becantc  firm 
and  Urocig,  her  hjilcru-al  condUioo  was  entirely  coirccted,  mid  at  the  very  least  it 
niaj  t>c  uid  that  ^ie  wras  apptoxitiialcly  r«i>luied  to  her  luiul  health. 

AmtiMrrkaa  of  /tht  ytarf  slandimg,  astofiaifJ  wiJk  tlighl  amaiarta  am/  maritd 
eStnly — Mmsn  rrslitrfd  am  J  tthtr  lymptomt  rtlitv*4  fy  gtMfrat  and  ixaliud  ex- 

ItrmaJ  /arnditati^m. 

Cask  CXIX.— MUi  H.,  25  yean  old.  woi  directed  to  ut  by  Dr.  T.  Coek,  of  New 
York. 

Vijt  foui  yean  the  patient  had  tuetutruatcd  Mtmetimes  three  times,  sometimes  hut 
twice  a  year.  She  had  inacased  cnonnousJy  in  uze,  her  wdehl  being  iSo  pounds. 
and  tlictc  was  Ktnie  eflruslon  of  the  leigt  and  feet,  u  tnanlfeited  by  the  indentallonf 
remaining  after  presjute  with  the  finger.  The  patieni  wns  Tery  plethoric,  and  mf 
fered  much  from  fnineM  oitd  opprruion  about  the  head.  It  is  proper  lu  tcinark  thai 
Ur.  Cock,  before  submitting  the  caK  to  cleclnjcaliom  at  oar  hands,  had  for  Himi> 
tiuie  fuithfutly  made  uie  of  the  internal  remedies  tiial  xcemcd  moct  suited  to  ic.  The* 
paiieni  wnx  uitioyed  by  c<Jd  Icel  and  hands  and  by  sudden  Aiutbct  of  beat.  Ak  ii> 
our  experience  ijeneral  faraditaiiun  ha^  been  more  Micceaful  in  e^iuaJizing  the  circula- 
tion thau  any  other  form  of  electrization,  we  determuicl  to  employ  tbit  method.  In 
thi»  a»  in  the  furaier  coie,  extreme  »usccptil>ility  to  the  current  was  manifested,  but 
depenriing  more  on  an  excited  mental  condition  than  on  any  re&l  .tcn.Mi ivencM  of  the 
nervous  sysietu. 

The  patient  wan  under  treatment  from  March  20,  1871,  to  May  a;,  1S71,  and 
received  CHeiily  application!^  A  pari  of  the  lime  cilemal  ItKnliieil  farmdualioii 
wa«  ainplo><cd.  Al^er  the  fifth  stance  the  course*  appeared  and  huted  ivm 
days.  At  tlie  proper  time  during  the  coarse  of  trvalment  they  reappeared  and 
lasted  some  fourdaya.  The  psticni  presented  herself  a  few  months  afiertboceraatlon 
of  the  (danced,  and  repotted  that  nut  only  the  menstrual  function  continued  lo  act 
regularly,  but  that  »he  remained  permanently  betler  in  every  rei^pect.  Ifie  tendency 
to  flushcjkof  heat  disappeared  after  the  iirtt  mensiruattun,  her  exircuiilica  became 
warmer,  and  after  tlic  bccuiiil  menilruatbn  she  wa»  cntinly  relieved  of  the  watery 
effusion  in  the  le^^i  anil  feet. 

An  interesting  but  oot  altogelhei  unusual  result  of  the  ireainicnt  was  a  marked 
decrease  in  tieih.  During  tlie  administration  of  ihc  first  ten  applications  she  lost 
some  twenty  jiouDds,  and  itftcr  the  stances  were  ducontinoed  iJie  tubmitied  to  the 
Baniing  syslem.  and  was  rewarded  by  a  ulU  further  decrease  in  weighL 


AmunorrAtM  of  a  ytai^t  iteit4iHg,  MJOCuUtJ  wUA  vtrtiga  and  dt^tUy—Jteeevtri 
under  gtiural /aradiaati^it. 

Cask  CXX. — MitsE.  S.,  a  scboot-girl  aged  iS,  was snfferuig  from  uipprctaion  Chat 
Imd  existed  ayoar.  Theresultingsymptoms  were  periodical  attackiofdislrtasiiifi  vertigo, 
and  a  condition  of  nervouaexhauUion  thai  uttlittcdher  for  the  tlighteit  mental  or  phy* 
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ical  esnlion.  The  f>rkclic  current  wu  alone  owd,  and,  m  ib  ibe  (vs  precedins  :»««% 
the  Application  I  were  psrlly  genetaL  The  iii«ni«f  reappeared  atTtnibeiweiribi^Uicc. 
rcHiltintf  in  a{>proxtin>ie  reliefof  t)ie  vertigo  Biiil  a  decUlcd  increase  of  nervous  sUcnetli. 
Ac  ilie  preieni  time,  two  yc&rs  succ  the  foactton  was  restored,  she  conuaues  rccular. 

AmtMorrMwa  au9<iaUd  wilk  kyiltria — S/anmM/ie  tpfitrae/i^fu  of  kAt  mutelts  am- 
tr&Uimg  JegtuUiian — Ht^jtrery  /attaint  turo  a^^ieAtiviu  of  inltrwAt  /armdintttm 
After  faiturt  af  gtaeralfiiradtiaficH. 

Cask  CXXI.— Mnt.  H.,  aged  31J,  a  patient  of  Dr.  C  P.  Tucker,  of  New  York*  lud 
f«f  Kvcral  years  uifTcicd  excMsivcly  (n>m  a  form  of  ncrvoto  prvitrutioa,  tnrlly  hj%- 
IcriaU  in  <:1iaricli;r,  and  which  ibeetncl  in  a  mcaiure  to  depend  on  an  altnoil  complele 
deafnevt  whicli  occurtnl  ituildonly  after  a  sesuon  of  cxciCtiacni  while  the  tnu  fe%  an 
in^-alid  from  conliinctncni.  General  foradiaclon  lud,  durli^  the  earljr  pan  o(  1871^ 
T«7  maierially  l«Mcnerl  the«e  «ynipton)\  and  die  had  remained  prrmancnlly  better. 
In  March,  1871,  her  iiienKs  ceased,  r«sul ling  in  a  tcturn, although  in  a  Im»  degree,  of 
her  old  ncrvtiu^  sympConu.  In  October  tJie  lie|^  lo  be  afflicted  wriih  vcrti^  and 
»]»Mnoclic  contjactiiini  uf  the  mosclci  controlling  dcj^lnlilion,  which  latter  lymplom 
I>ragTc»uvciy  ini.Ti:ai«(l  in  tcvcrity  uniil  ai  timck  ihc  patient  coitid  wilh  difficulty  take 
Builicieiit  nuiiii«lirneti(  to  Mtitfy  Iranijer,  We  einplojed  Qeiieral  Caiaillution  on  tvo 
ot  three  ucca>iuii>,  hut,  becotninj!  satisfied  that  it  wsw  imptn&iMe  tu  obtain  any  tin- 
noediaie  result  by  tbU  meClioJ,  wc  reaoried  to  internal  faradincioii,  luta^  a  <:u|>- 
ehaped  meiallic  tl«ctrode,  and  thus  localized  around  the  os  a  powerful  current  of 
negative  ekiTtriiniy.  iJ>i  the  (ultowiii^  day  we  repeated  the  a[>cration,  and  in  a  few 
hours  after  the  pjlicni  was  rewarded  by  a  flow  somewhat  tcantjr,  and  of  a  darker 
color  (hall  iioniiiil.  It  was  attended  also  by  contidcrahle  pain  in  the  nleriia  and 
etcendve  itchini;  all  along  tin;  course  of  (be  vagina.  The  dislroMng  spasmodic  symp- 
Unns  about  the  tlirottl  cea*cU  immediately  aadcompletdy,  andlutvenot  yet  shown  any 
evidence  of  rclurnini*.  General  applicatioDs  were  continued  every  other  day  for  a 
month,  markedly  relieving  her  nervous  condition.  At  tl»  next  mcDMtuatioa  tbc  flow 
was  quite  normal,  and  to  ihc  present  date  tbc  patient  coolinues  tegular. 


Amtmarrhaa  existing  two  and  a  halfytAn — A  nfUta  ft^ui  f»ttswt  twelve  iittemM 
af^Uatiomt  of  tlu  faradie  turftnt. 

Casi  CXXll. — Miai  £.,  aged  2^,  wfTered  from  cold  hands  and  feet,  and  a  feeling 
of  great  fiilni»s  about  the  head,  with  vertigo,  which  sj^mploms  dcpet»ded.  doubting 
on  long -con< tin  ued  altwnce  of  the  menses. 

Aade  from  the  aliove-nientinned  syraplains,  her  general  health  and  strength  were  un- 
impaired. A*  general  rlcclriulion  and  galvanisation  localiied  externally  gave  no 
evideTi(.-e  uf  b^ng  of  service,  with  the  consent,  and  in  accordance  with  the  desire,  of 
both  the  patient  and  her  mother,  we  applict!  the  cuticnf  directly  to  the  os  by  meant 
of  an  cxecdtnj{ly  small  ball-shaped  electrode,  hour  sucli  appLicaliont  lepealeil  at  in- 
tervals of  three  days  resulted  in  a  copious  flow,  lasting  forty  eight  honrs.  Greatly  to 
my  surprise,  the  associaterl  ^mptoms  were  not  relieved  to  any  very  great  extent,  and 
as  llic  patient  ceased  her  vurls  before  the  time  for  the  second  return  of  the  c&tamenla, 
wc  were  iinforlunaiely  not  able  to  judge  concerning  the  ultimate  eflecu  of  Lbe  treat* 
I  Bent. 
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Hmtnerrkcta  ixisling_fivr  m^lkt — Jfscwery  undtr  prrt/Aera/ gafvamiattMm  (txttr- 
na/J  after  f<uturt  tf  faraJiiatwn. 

Cask  CXXIII. — Mrs.  S.,  «  widow,  aged  3a  Ttie  patient  luddentf  cnued  taeft- 
>lrii*l>)ie  fkvc  months  prrvioutly,  and,  accompanying  the  rc«alii>n,  there  wm  on  m* 
nojing  iTOie  of  fulueia  nl)otit  the  head  wUhveflii:^.  When  she  applied  far  ircnt- 
mcDt,  the  Mated  thai  ihe^  ibnurnuU  sjinpCuins  had  cmiitnued  wliliuut  ftbdienieni, 
and  \Ai  rather  incroued  in  Kvcriiy.  A  aumber  of  intemnl  upplicaltons  of  the  fara- 
dk  currcDi  having  been  civcn  without  npprecitble  result,  hc  localued  u  nearly  as 
pouibic  a  golviutic  current  from  iwelve  &tnall'S)»l  liac-i^aTboii  cells  Ihrough  both  dv«- 
rio  and  (he  utcnin  iltelT. 

The  cataiDcuu  rclurncil  twelve  hours aflcr  Ibe  lecond  &[ip]icatton,  which  was  givca 
llie  day  following  the  fiiit.  Just  before  the  next  menstrual  pcciod,  tlie  applicatioa 
was  icpeaied,  and  was  (otloweO  by  the  tuttol  flow.  I'hc  inciiK>  appeared  the  thin] 
time,  preceded  bjr  no  appUcatiua  of  dectiicUy.  As  to  further  resultt,  w«  otc  uniD* 
formed. 

Anun^rAoM  fy  tnttrv»tt  for  tevtrai  ytari-~R*litf  of  imfipriinan  iy  imtro'ulrriiu 

faratiitatiftt  with  a  fivtoerfmi  titrrent  afUr  faHtri  nf  txttrMoi  mfflkaXUlu  tolJkt 
M  if  tht  uterine  iltftradt. 

CasiCXXIV. — MimS..  afie"!  23,  was  icnt  to  uibyl^r.  Fordyce  Baiker,  July  6^ 
1S701     During  all  her  menstrual  lif«  she  had  baen  more  or  less  irreeulnr. 

At  various  ilincs  she  had  been  lelleved  by  ruradlutloi)  of  some  kind,  and  had  fonad 
by  experience  tliut  it  was  ueocsury  to  use  internal  applicatixiii.  Her  geueral  LHindi- 
tion  wa»  n'>t  of  tlte  licit,  and  supprcarion  always  brought  gcticral  nervous  derange- 
mcni.  We  treated  her  at  first  by  the  uterine  ctoctrodc  tconnected  with  the  nq^tiva 
pole)  acatnsi  the  o^  and  the  positive  either  (in  the  abdomen  or  lambar  region. 

Thi»  tfmlmcnl,  lepeatol  (our  limes,  liroughl  on  lome  appearance  of  bloftd,  but 
not  the  free  incnUrusl  fluw.  One  application,  with  the  same  strenglb  of  correnti 
with  the  iiilra-uterine  electrode  fur  about  the  some  tim«  (ten  mhiutw),  broiq^t  on  % 
pigfiue  Row  on  the  day  following. 

In  regard  to  the  foregoing  cases,  it  is  not  to  be  uiiflerstood  that  we 
present  them  as  in  any  way  tj'pical  of  the  results  to  be  expected  in 
every  iiiGlance,  even  uniler  die  most  jiidicioiis  and  correct  methods  of 
electncal  treatmenu  1'he  failures  are  sufQciently  frequent,  as  every 
one  who  has  had  much  experience  in  tliis  direction  will  readily  testify- 

From  among  many  unpublished  cases,  wc  desire  to  transcribe  the 
following  for  the  rco^ion  iliat  it  presents  points  of  ititcrest  that  arc  sei< 
doiu  found. 


A  rtmariaiU  eait  of  mrmtrawiu  liytmtHarrhasa — IntereHiHg  rtntUt  of  tlHtrna- 

Cask  CXXV.— Mrs.  ,  aged  30,  was  seat  to  us  for  electrical  iTcatnieni  by 

Drs.  John  T.  Metcalfe  and  T.  U.  I'liomu.  The  patient  was  large  and  well  noor- 
iihed  and  prewnted  every  appearance  of  one  in  vigorous  health ;  yet  there  had  been 
in  the  post  a  very  comiderable  derangcineot  of  licr  nervous  equilibrium.     There  was 
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u»iuill]r  only  BliKht  pain  prvcedint:  ilie  oaHi  of  oiensinuKion,  fncreainnc  a  Ijille  u  it 
made  lu  appnuauce.  In  atiout  roriy-eighi  huuu  the  <ii&tm&  became  very  i;reiii,  and 
contuiiud  without  abatement  for  several  ilays  Dp  lo  the  ccnation  vi  the  catAmenta. 
Careful  eiiantination  by  Ur.  I'homaa  leveaied  no  mccbaiiical  coaatrKlioti,  oiid  ii  was 
loggcilcd  tliat  itie  probable  c^uk  wax  a  Ionic  tpounodic  conlraclioti  o(  (lie  o*  aiai, 
nailing  Cema  rerlex  irat4bi[ily.  Tiii>  condillon  of  attftifb  hml  Ijecn  uliiiosi  cua»lwit 
tot  »e?cu  yconi,  iiutwittoiiUKlii)];  varied  meibods  of  treatment,  atid  the  piopnciy  of 
incliing  the  cetvix  tiad  been  Mfriuusly  coa^ileicd, 

We  will  luielly  di:icri>>e  ll;c  method  of  treatment  lubstuilLally  followed  out,  and 
tlltn  rrfcr  lo  ihc  rc^ult». 

We  aLlernaie.!  th«  V*  of  the  faro^lic  and  galvanic  currenis  odminiMeiins  foat  ap- 
plications a  week.  External  tteattnent  w*  alone  employed,  hecaine  of  itie  Uiidncli- 
nation  of  the  paticm  to  submit  to  iiUcrnal  applications  The  Earadtc  cuncni  waa 
used  by  the  mctlUKl  of  general  fara<liuiiaQ— each  >cauee  bong  ended  1^  b  purely 
local  applicalion. 

In  uiing  the  galvanic  current,  the  firit  half  of  a  icance  of  eight  minnte*  wok  devoted 
to  ][alviniutii>ii  iif  ilie  whole  lenuth  nf  the  spine  by  the  labile  meihod,  the  operaiioa 
beini;  condnded  by  a  local  slabiie  applicalion.  Beginning  at  each  «eanee  vrith  a  cur- 
rent frirn  ten  ordinary  xinc-carbon  elements  the  niiml>cr  was  graclu^illy  increased  to 
twenly-four,  and  then  as  grad\^Ily  decrcsued.  Treatment  wa*  be(;ua  on  May  2Ji 
1878.  On  June  3d  Ihe  roen«es  appeared,  and,  altliouKh  )>y  no  incaru  painlc»,  Ear  lev 
dittreit  wai  eYperiencod  tliin  tituaL  The  courtec  ceaMRg,  Irealmenl  was  cunlinnal 
Up  to  June  39ih.  Their  Mc>jnd  appearance  was  attended  by  aUsoluirfy  "o  p-ian  vat. 
thy  of  mention. 

The  patient  now  left  ihe  city  for  the  Moson.  awl  in  due  eour&ethe  menus  ap- 
peared for  the  third  lime  since  the  beginning  of  lieAtmeni,  and  unattended  with  any 
•cn^ie  of  di*ci>infort.  Aliciidin^  their  fourth  apjwaraacc,  however,  thc<c  wa«  vef y 
decided  jiaiii.  *nd  i>n  Scptemlwr  mh,  on  her  rcLnrn  from  the  tonntry,  llic  clecUicity 
wai  resumed.  After  a  few  applications  of  Ihe  galvanic  current.  pain.\  Hipposcd  to 
be  pret]ionit.->ry  of  men<truaiiijn,  were  fell,  nnd  *»  increaicvl  that  IJr.  Metcalfe  waa 
called  in.  and  found  thai  the  patient  wa«  MlTcnng  from  a  misLatriaRe 

Having  recovered  from  thii  m\  hip,  electrinty  wa«  again  Miempted,  and  bto  been 
(bllowed  by  a  grvlual  trnprnvement  lo  the  preii(;nt  lime  of  wiifing  Since  the  eapuU 
■ion  of  the  ernliyro  cKere  lia*  lieenmureor  let*  diwhatge  of  mcinhr.iiie  at  each  period. 
This  has  loinewhat  compUcatcxI  the  case,  and  altbough  it  is  still  under  obtervation, 
a  complete  recovery  wcms  aasuied. 

'  Connected  with  this  case  two  important  and  ititeresting  questions 
arise : 

ist.  Was  the  cl<rctriral  treatment  in  any  way  pfficacioiis  in  rcndeting 
conceinion  possible  ?  When  it  is  considtfreil  thai  in  seven  years  i>rcg- 
nancy  had  not  occurred,  while  conception  took  place  soon  after  the 
galvanic  treatment — which  Eiad  been  so  effective  Jn  relieving  Ihc  |>aiii 
and  its  probable  caus-ttinn,  vix.,  spasmodic  contraction  of  the  o&  uteri- 
it  is  not  difficult  to  believe  that  its  agency  was  very  great. 

The  second  question  rclad'*  to  the  possibility  of  ihis  miscaniage 
being  in  any  way  due  to  the  treatment.     In  the  first  jilace.  it  is  wcil 
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known  to  every  electro- therapeutist  (although  the  contrary  opinion  is 
quite  prevalent)  that  it  is  exceedingly  difficult,  and,  as  a  rule,  impossi- 
ble,  to  cause  an  nborlion  by  any  ordinary  external  applicatiou  of  «lfc- 
tiiciiy — exleinoi  or  iulernal.  in  this  GUtciuetit,  ititra-utcrine  applica. 
tions  are,  of  couibc,  not  included,  nor  tliose  susceptible  cases  with  a 
tendency  to  abort  upon  the;  reception  of  any  strong  or  sudden  impres- 
sion of  mind  or  body.  U'e  have  treatci]  women  in  all  stages  of  preg- 
nancy for  vaxious  nervoui  ditticullies,  ami  have  never  yet  seen  harm 
result  To  produce  any  mechanical  or  reflex  clTecls  sufficient  to 
detach  the  fiela]  connection,  necessitates  a  degree  of  current  strcnjjlh 
not  ordinarily  required  in  therapeutics.  Again,  the  severe  illnesx  of  a 
near  relative  had  taxed  our  patient  to  an  extent  sufficient  in  itself  to 
account  for  a  result  that  would  have  been  gladly  avoided. 


A  tait  of  dytmtn^rrhaa  due  to  sfictm  of  oi  uttri—PtfWtry. 

CASsCXXVl.^Mn.  U ,  ng«d  33,  the  mother  of  tlvree  cliilitren,  cnnoiltcd  m 

UcOfmber  ay,  1878,  for  excmiirr  il/tmcnoirhcpa,  fioni  which  tlie  lijid  i.iifrcicd  for 
over  five  yean.  At  die  unie  lime,  the  flow  wu  wey  nuKh  gicater  than  Duntul, 
rolling  in  conituK  uuEtnia^  txA  ta  exhausted  condition,  from  which  she  bwlj 
recovered  tiefnre  a  recurrence  of  the  menm.  The  ]ia(ieiit  hml,  far  jrcari,  Iteen  tl»e 
viL'tiin  of  uieriiM  iliiiilaceiiient,  which  the  \\mA  fjtileii  to  have  |K-riibincnlly  rectified, 
and  to  it  die  atttil>u(e<l  licr  suffering  (Jjiuii  euinii nation,  we  found  *  umplc  ante- 
flexion, awaeintcd  wiih  a  very  ijreAi  degree  of  icndetiieu  of  the  vaginal  w»ll>,  and 
I  «tpeci*lly  of  the  o»  iiielf.  So  lender  were  tlieM  pftris  dutinj  t lie  week  piecc<Iing 
■cflslruMiun,  that  vEty  digtil  iiilernil  |irevitiTe  canted  intolerahte  pain,  The  MUte 
diiticM  from  which  ihe  pcrialtcaUy  lufTercd,  mually  \tcgut  nboai  ihirtjr-ax  hours 
hefotc  the  a).!peuuice of  the  nienies  reaching  il*  height  m»  (he  flow  beaune  maniflBtL 
KrofD  lhi«  lime,  the  pain  gradually  decreawd  in  wvcrity,  and  daring  the  last  tvrodayS 
of  ricknets  was  very  slight. 

Harin£  in  mind  the  previous  case,  where  the  dysnenorrhtea  wnt  ««ippo«ed  to  l>e 
doe  to  spasmodic  contraction  of  the  cervix,  wc  were  led  lo  make  a  di[>tial  cxatnlns- 
lion  aboat  Iweolyfotu  hotm  before  memtiuattun,  and  while  the  palicnl  watt  buHenne 
pain  of  the  most  distressing  cWacter.  On  touching  the  01  tinin:  with  the  inilcx  fin- 
gc»,  and  sweejjiing  it  around  on  erery  side,  the  conttriclion  and  rrlaxatioo  of  musrtiW 
fihre*  were  distinctly  apprecinble,  being  evidenced  by  the  alieroaiing  hnrd  aud  soft 
feel  of  the  nterinc  neck.  Hoping  that  some  immediate  relief  might  be  aAordcl.  we 
attempted  the  following  treatment  1 

Placing  the  patient  on  her  back,  we  intmrluced  teveral  nnoll  iponges,  somewhat 
after  the  inanner  nigj^eUed  to  ut  in  another  ca»«  by  Dr.  T.  O.  Thomw.  The  apongea, 
as  fine  and  soft  as  possible,  were  carefully  pai-'ked  arognd  the  cervix,  preving  ap 
Bgsinst  the  body  of  the  uterus,  and  completely  covcrini;  the  <at.  Against  these  was 
i;CBl)y,  btii  firmly,  prcvted  a  Ant  metallic  electrode,  covered  with  wet  chimois  sltin, 
an<l  this  again  was  connectcil  with  iSe  ano^e.  Connccte<l  with  the  caihode.  was  aa 
nrdinary  tpooge  electrode,  which  wu  firmly  held  on  the  abilixncn  ahove  the  pUbet. 
Inlocalating  a  rheostat,  and  boginsing  with  the  leaat  poiaiblc  conent  strength,  it 
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wu  gfacliuUy  incresMd,  until  &  ili^t  pricking  Mnttlloa  wu  ftlt  under  the  eucnul 
dcLirMlc.  Tbe  Action  of  the  anode,  on  the  caaituy,  wai  accompanied  by  mo  lam, 
but  ii«  eflectt  were  cri<icnt;  fot,  from  ihc  moiocnt  the  circuit  wat  maile  lite  rr4 
from  pain,  which  lud  before  beeu  ciceutvc  and  conilanl,  wai  coni|4c[e.  After  an 
application  ul  ten  uiiuutes,  tlie  curicnt  vuenglti  wat  giailnally  detrcateO  to  it>  iniui- 
mum,  aiiil  discontinued.  The  nmiuiuu  uT  fatu  Loniinued  (or  ten  hours  "^'cn  *ame 
dislieu  wa«  ofiin  experienced,  which  iacnucd,  Vh)  ou  tbe  B{>|iC3nui<:v  of  the  flvwr 
liccaioc  t)uite  »e«re.  Al  the  cetialion  of  the  meoMft,  i,'cn«ral  firadixation  w**  aJtcr- 
naled  whh  «xEcrnal  ajjplications  of  tlie  galranit  curienl  to  the  tpinal  cord  and  Abdo- 
men. A*  the  next  period  approochetl,  pain  began,  at  uMial,  about  ihirly-six  iMire 
before  hand,  and  although  mmh  kss  severe,  ihere  was  not,  as  before,  BBylhiiij  like  a 
cumplcle  ictniuion.     The  amnunl  of  blood  loti  wiu,  however,  decidedly  Icis. 

Duiini:  tlie  second  uiuiilU  the  external  a[)plicaii(iii  of  bolh  cunciils  was  cominuctl, 
and  ou  cacti  of  (he  lUrcc  days  pieccilin^  nienkUUAtion,  internal  ap|ilicalioiii  were 
given  according  to  lh«  method  first  attempted.  The  (low  was  otaUiibcd  and  ooo* 
liDQcl  thii>U{;hout  without  thenligbieit  nti|>ician  of  pan. 

During  the  pa-«t  month  the  paiicni  has  not  b«en  rab)ccted  to  any  ircairacDt,  and  al 
this  dale  (Match  14th)  the  hai  jml  con)|itctcd  her  fi>urth  measlruation  kIbcc  wc  fint 
saw  her.     Not  only  hai  it  been  entirely  painlcu,  but  ibe  flow  ua*  alKi  tiornwL 

MnorrAagia  tf  /ovr  ytart  durtti^n  dut  lofumg^id  degentrativn—fitifid  rtt^vn-y 
UHder  iHlra-mltrint  apflUatioHt, 

CaskCXXVII. — Mr*.  K,  aged  46,  cnnmlted  tis  in  consequence  of  seircre  keowr- 
riiage  to  which  she  was  periodically  subjecied.  five  years  prior  she  observed  some 
ili^t  increase  in  the  mcnitrti^l  flow.  It  becameincreavin^yahHiidant  until  in  tbe 
course  of  a  year  ihe  lou  of  blood  at  eacli  menstrual  epoch  wa^  frightful.  For  tbe 
fini  day  or  two  only  was  tbe  Sow  thus  alarmingly  copious,  but  ila  imnediate  ef^iSi 
wen  to  render  her  complcicly  colorless  and  alnutat  piilicle9&.  The  flow  vrould  ■•>«] 
rapidly  become  lew,  but  for  two  or  throe  weeks  there  was  a  wery  slight  aUliough  cnn.j 
st.-tnl  diKharge  uf  bright  arieriil  blood.  The  courses  did  not  appear  with  noiraal 
rcKuliriiy,  an  inierval  of  six  weeks  to  two  mooths  otdinarily  ocetming.  It  isquilc 
evident  Ifaat  if  cncDstiuation  had  occurrod  every  four  weeks  the  patient  could  hardly 
ban  Borvlved  for  so  long  a  lime  her  repeated  depletions;  and,  as  it  wa.i,  she  was  just 
enabled,  by  the  aid  of  a  good  appetite  and  vigorous digeil Ion,  (o  r^ain  a  meature  of 
Strength  and  color  before  Ihe  recurrence  of  lier  (rouble.  We  began  trentmrnt  in  the 
dcdine  of  <inc  of  these  hemorrhages,  arid  fcr  the  relief  of  ibe  persiiteni  inuxnnia 
refilling  from  her  anientic  coodicion  and  tbe  pain  in  her  legs  genera)  fmrodiiatian  was 
adiuintstered  on  alternate  days.  It  aided  very  greatly  in  inducing  deep  and  relievU 
pain,  and  markedly  hastened  returning  Mrengih. 

Slintlly  after  these  tentative  Applications  were  begun,  we  met  at  (he  house  of  tbe 
patient  Dr.  W.  G.  AU'mg,  of  New  Haven,  Conn.^  untler  whose  care  ihe  had  been  a 
short  lime  Iwfore,  and  from  whom  she  had  received  conlinned  irtd  jodicinus  Irral- 
mrnt,  both  const itutional  and  local,  but  without  decided  relief.  Dr.  Alling's  eaam- 
iiuiions  hod  found  the  ntcrus  to  be  three  and  one-half  inches  in  depth  and  slightly 
retrovened.  When  the  probe  n-as  carried  into  the  carily  at  the  fifsi  cxaminailon.  slight 
hemorrhage  followed  lis  withdrawal,  and  a  small  fungoid  mau  came  away.  Further  ei- 
aminalinn  revealed  cunKlderable  f«iii;oid  degeneration  of  the  miicnits  membrane.  We 
proponed aLCertLaliag  the  general  treutmcut  witb  utua-vnginal  and  mild  iniia-  uterine  ap- 
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|dintiont.  Th«  method  of  proccdnn  wm  repeated  «p  lo  ihe  day  of  mcnslniatlon— 
ihi!  patieiiCii)  theme.inwliilc  havini;  regained,  witli  Tjr  more  (ban  ordbary  rapidil),  h«r 
color  and  slrenglh.  The  flow  wa*  oniiderahly  more  prt>[u«e  than  normal,  bat  tould 
fi"!  be  cumpued  in  severity  with  thoic  that  hwl  prcviousi]'  occuirnL  In  ten  day* 
the  flow  ceajed,  and  treatment  w«4  continued  until  the  return  of  the  catamrnia,  wlim 
a  »till  grcalcr  tmprovemciU  waa  evident,  b'or  three  months  thit  Ireatiiiuul  was  kepi 
up,  wl(ca  the  patient  left  the  city  for  ihc  tutuinei,  with  the  Tfeling  that  her  recovery 
was  an  assured,  if  not  an  accoiupUKhcd  fact.  Four  years  have  since  elapsed,  but  there 
has  ne«r  been  a  rccnrrcnce  of  these  hemorrhagr^,  and,  moreover,  the  patient  lias 
been  ever  since,  and  is  still,  in  the  enjoyment  o(  roltusi  healtli. 

That  the  p:Mholt>yicaI  MUt«  on  which  the  symptoms  of  Dterine  dis- 
eases depenj  have  not  been  sufficiently  coiisitlercil  is  very  cvitlc-nt  from 
a  »tudy  of  the  history  of  the  electro  therapeutics  of  these  iliscasrs. 
There  is  need  of  accurate  diagnosis,  and  especially  of  careful  measiire- 
iiieni,  before,  during,  and  after  electrical  treatment  in  order  to  know 
jnst  how  much  it  accomplishes.  These  meistircments  should  be  made 
by  experts  in  gynxcology.  The  future  will  show  that  very  imich  ran 
be  done  for  congi^slion,  atrophy,  and  engorgement  of  the  womb  by 
careful  localized  electrization. 


Atnfkfoflkt  tittrm — Sfaitty  mtmtruation — Sterility— ImrMtt  in  the  ttat  «f  tkt 

organ  ttnJ  in  tkr  amount  ef  tht  mtnitrual fiaiw  nmdrr  iKitritai /araJltatioH  MHit 
ffMtral  gah-iiHitatiom  and  gtttral faraJitittiim. 

Case  CXXVJII.— Mrs.  P..  a  young  married  lady,  was  referred  to  us  January  17, 

1872,  by  Dr.  Fordyce  Barker,  fur  the  symptom  of  sterility.  According  to  l>r.  barker's 

|diagno«is  there  wa«  ntropliy  of  the  uterus,  and  he  was  in  the  hope  that  eliectriE&tion 

^toight,  by  impTorini;  tli«  nutrition  of  the  nleruti,  perhaps  remove  the  sterDlty.      It  wu 

lippowd  al'o  that  there  might  be  atrophy  of  all  the  j^cnerntiire  oirgani,  kincr  the  men* 

fflmaibn  wa»  defectiwe,  though  regular,  and  the  patient  wax  withal  quite  aiiDrinic; 

'We  treated  the  patient  fnr  «ix  weeVs  by  internal  faradiialion  of  the  uierut,  with  our 

Inira-uierlne  electrode,  through  the  speculum;  citemal  faiadiiation  over  tlie  back, 

.  «ut  the  legion  of  the  ovaries ;  general  faradiiAtioti  and  central  gaWanliatlan  occavos- 

lily.  The  patient  came  every  other  day.  Internally  she  look  iron  and  Mrychnine. 

At  (he  fin,!  menses  after  treatment  the  patient  lemarked  an  iiicreaie  of  (]nanlity, 
and  Iho  courses  were  on  her  one  day  longer  than  usual  By  the  iKt  of  March,  after 
fin  wcekV  treatment.  Dr.  Barker  found  on  examination  that  the  iiierus  had  increased 
in  length  onec^uarccr  of  an  in^h.  The  patient  after  an  interraJ  waii  a^aui  ireacod. 
btil  wlthont  any  local  improvement. 

'V\\e  modification  of  nutrition  caused  by  electricity  may  have  two  op- 
|iositc  effects ;  it  may  caii<ie  increase  or  it  may  cauite  difiiiiuilian  in  the 
siee  of  a  part  or  organ.  Where  the  part  is  abnormally  large  it  causes 
il  to  grow  smaller;  where  it  is  abnornially  small  or  atrophied,  as  in  the 
above  case,  it  causes  it  to  grow  larger.     In  tliese  opposite  results  there 


542 


DISEASES  or  WOMEN. 


is  nothing  inconsistent;  they  are  readily  explained  by  tbe  diange  hi 
nutrition  caused  l>y  tlic  current. 

Cffngestion,  Enlargements-,  Displacemenii,  and  Atri>phy  of  the  Uierat. 
— Tripier,  Bcauvain,  Scilcr,  Kano.  Beau,  and  ourselves  have  treated 
engorgements  and  Hexions,  prolapsus  anil  atro;>h)'  of  tlie  uterus  by 
electricity.      Both  tJic  galvanic  and  faradic  currents  are  employed. 

The  occaiiional  results  t^btaincd  in  prolapsus  uteri  are  to  be  explained 
partly  by  the  chemical  and  mechanical  effects  of  the  cturem  on  the 
structure  of  the  litems,  and  partly  by  its  tontc  efTects  on  the  ligaments 
and  vaginal  walls. 

Treatment. —  lu  the  treatment  of  the  various  di:iplacenieiits  of  the 
ulcrus,  the  apjilic-ation  must,  of  course,  be  varied  with  the  morbid  con- 
dition. Special  rules  cannot  be  given  in  any  detail ;  eacb  case  mtisi  be 
studied  by  itself- 

Accor»)iii,f  lo  Tripicr,*  ehr^Hie  metritis  and  enlargement  of  the  uterus 
is  bc&t  treated   by  applying  the  uterine  electrode  against  the  os,  an( 
connecting  the  other  pole  (bifurcated)  with  an  insulated  rectal  electrode 
in  the  rectum  and  a  sponge  clcctiodc  over  the  abdomen. 

Prolapsus  uteri  the  same  author  treats  by  applying  the  uterine  elec- 
trode against  ihe  os  and  connecting  the  other  pole  (bifurcated)  with 
two  sponge  electrodes,  one  on  each  groin. 

For  anteversion  and  aiilefiexion  lie  introduces  the  negative  pole  into 
the  rectum,  where  it  can  act  more  powerfully  on  ihc  posterior  ])art  vf 
the  uterus,  and  the  positive  in  the  vagina. 

For  retroversion  and  rdrofiexion  lie  ap])Iie8  the  positive  pole  in  the 
bladder  or  over  the  ahdomt-n,  while  lh«  negative  is  applied  to  the  os, 
by  the  iitcnne  electrode,  an  air  pessary  having  first  been  put  into  the 
rectum  to  elevate  the  fundus. 

By  properly  insulating  the  clcclroflc,  the  current — (aradic  or  gaUi 
vanic — can  be  localized  in  any  restricted  portion  of  the  uterine  canal. 

Hic  treatment  may  be  regarded  as  an  important  adjuvant  in  all  re- 
bellious cases  of  engorgement  and  atrophy  of  the  uterus  or  of  its  a(»- 
pcndages,  and  of  uterine  displacement,  and  especially  of  those  that  are 
associated  with  general  debility.  The  contracting  influence  of  the  elec- 
trical currents  over  involuntary  muscle  is  a  strong  i^hysiological  argu- 
ment in  favor  of  Ihe  use  of  this  remedy  in  uterine  engorgement  (see 
chapter  on  Involuntary  Muscles  in  Electro-Physiology). 

Tripier  \  details  thirty  cases  of  varioas  phases  and  complications  of 
uterine  disease  treated  by  localized  faradization. 

•l«t  oL,  p.  38  et  »eq. 

't  Afuulecde  1' Elcctro-Thirapie,  p;  joa  «l  «eq.    1863. 
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O^  nniefiexion  and  anUversion,  four  cases  recovered,  two  were  im- 
proved, and  in  one  tase  no  result  was  obtained. 

Of  re/rwersion  and  rtirnfitxion^  one  case  recovered,  one  was  im- 
proved, ami  in  one  case  there  was  no  result. 

Of  tngargenteni,  Iwo  cases  recovered. 

Tripicr  further  observed  very  marked  effeets  on  Iht  general  svsfem, 
and  smere  symptoms  of  hysteria,  ntura/^ia,  and  nervousness  were 
greatly  ameliorated.  If  general  Caradizalion  and  central  galvaniraiion 
had  been  era|iIoyed,  liiese  constitutional  eflecta  would  have  been  much 
more  marked. 

Protapiut  uteri— L^uforrAata  and  wKMfirrMagia—Lau  0/  toiu  in  vagimai  toaUt~- 
Hetatitry  Mtixltr  /afodittUion  0/  uttrtis  and  gttural  /araditation. 

CaskCXXIX. — Mi»T.,  an  unmarried  lady,  ogeil  30,  applicil  W  Ircfttment  for  fall- 
ing of  tliswomli  of  ihe  second  degree,  from  whk'Ii  *he  iiutufTered  fur  nearly  Uxmonilu, 
Prcriom  lo  tlie  fitsi  tytnptomi  <if  proUjnu*.  iicr^i^ieiu  leucurrhcca  had  unnoynl  her 
for  samo  time,  and  had  continued  up  to  the  d^y  bhe  canic  lo  va.  She  cDmplained 
abu  oTtofne  menorrha|ria.  These  condllinn*,  however,  were  eriilrntlynuonaled  with 
no  organic  uterine  diMra^c;  bul  her  gencrjil  health  wAt  finite  feclilc.  If  it  were  > cue 
for  electricity  at  all,  il  wa»  platiiii  lltal  :ihe  needei)  ili  (unic  influence.  We  cumincnccd, 
lher«fot«.  with  mild  general  applications,  increaiing  ihe  slrmgtU  of  the  rafrml  at 
c3Kh  vikit  04  she  was  able  to  bear.  At  each  ucchiK.  aUo,  the  elecliode  «as  api>lied 
for  a  few  minutes  Rgaiasi  the  os  (ind  the  vagtciL  The  benericial  tesuhi  of  thj^  courte 
of  irratment  wttc  vnoti  ot»crvahlc.  Her  appetite,  which  had  liccn  capticiout,  Itecame 
more  ralional.  ami  her  ttreiigUi  mcrea^d  wllli  ntarknl  vapidity.  The  ra|[inal  walk 
•cened  to  ijain  luiie  (Uy  by  ilay,  until  after  (he  sixth  application  the  uleiui  waa  re* 
•tored  lo  its  normal  posUion. 

Irritation  and  Cffigestion  of  tkt  Ovaries. — Irritation  arnl  neuralgia 
of  the  ovaries  accoini>anying  hysteria  are  treated  electrically  with  adv.in. 
lage.  Cotigcsiion  of  the  ov-irics  is  also  similarly  treated  with  excel- 
lent rcsidt — at  least  for  the  relief  of  the  syiiiptoins. 

Intra-llterine  Galvanic  Pessariet. — The  attention  of  the  profession 
was  called  in  the  use  of  galvanic  tnira-uterine  pessaries 
by  Sir  J.  y.  Simpson,  The  insirutnent  which  he  etn- 
ployed  WU5  composed  of  a  piece  of  zinc  and  a  piece  of 
copper  fastened  togclher  into  a  shape  and  siic  suitable 
for  entrance  into  the  uterine  cavity. 

As   thus   construcled    the    instnimcnt    was   stiff  and 
unyielding,  and  was  not  adapted  for  the  various  states    intra-Utcrine 
of  Micrinc  flexion.     This  form  of  pessary  Prof  T.   G.  Galvanic  Peu*- 
Thomas  *  has  greatly  modified  by  substituting  for   the  ^' 

single  pieces  alternate  beads  of  zinc  and  copper,  which  are  arranged 

*  A  Practical  Treatise  on  the  DiKaio  of  Women.     Second  edition,  p.  50a 
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on  flexible  wire  mscrtcd  in  a  rubber  bulb  (Kig.  115).  This  instnimcnl 
we  will  still  further  improve  by  insulating  the  wire  on  which  the  beads 
of  /inc  anil  copper  are  strung,  except  at  the  extrcniilies,  where  it  inakci 
iiicullic  connection  at  one  end  with  the  zinc,  ami  at  the  other  with  the 
copper  bead,  thus  forming  »  miniature  voltftic  pile,  with  a  completed 
circuit. 

When  this  contrivance  is  closely  embraced  by  the  lining  membrane 
of  ihe  uterus,  and  thoroughly  uioistcned  by  the  uterine  fluids,  a  fc-.'ble 
current  is  unquestionably  generated. 

When,  therefore,  such  a  galvanic  pfcssary  is  in  situ  it  is  probable 
that  the  very  feeble  current,  a*  it  passes  through  the  metallic  beads, 
may  traverse,  to  a  limited  extent,  ihc  folds  of  the  lining  membrane  of 
the  uterus,  which  presses  between  Ihem. 

The  question  whether  the  vety  slight  current  ihns  produced,  com- 
bined wiUi  the  necessary  mechanical  cfTecc  of  the  metaU  in  such  ca&e, 
\i  capable  of  imi'ortant  therapeutic  results,  can  only  be  answered  by 
extended  experience  and  discriminating  observation  • 

Dr.  Thomas  assures  us  that  in  anicnorrhoea  positive  iheraiwutical 
results  have  been  obtained  by  the  use  of  (his  pessary ;  but  is  unable  to 
»ay  whether  the  results  arc  due  to  the  mechanical  effect  of  the  metali 
or  to  the  action  of  the  current. 

Dr.  Feaslee  also  has  seen  favorable  results  from  the  use  of  (he  same 
pessary. 

The  question  whether  the  therapeutical  effects  are  due  to  the  press- 
ure of  the  foreign  body  or  to  ibe  Action  of  the  current  might  be  settled 
by  substituting  glass  beads  for  the  metals. 

I>r.  Murray,  quoted  by  AUIiau5,f  has  used  Simpson's  intra- titerine 
galvanic  pessary  with  success*  in  cjwes  of  sub-involulion  of  the  uterus^l 
where  the  os  is  open,  the  lips  thickened,  and  the  whole  organ  llabbj 
with  excess  of  menstruation  and  di5.igrccab!e  discharge.  In  one  inarlied 
case  a  fortnight's  use  of  this  instrument  reduced  a  fiabby  uterus  *'  nearly 
to  its  normal  and  healthy  condition." 

An  important  practical  dlfliculty  in  using  these  pessaries  is  that  they 
will  not  always  remain  in  pOMCion.  To  meet  this  dilficulty  si>rings  have 
been  attached  to  the  handle  which  fall  against  the  walls  of  the  vagina, 
and  thus  keep  the  pessary  from  slipping  out. 

*  The  white  coagula  that  are  obsenml  after  tliis  application  of  tlib  paviy  wn 
C3U^  bjr  the  chemical  action  of  the  current  on  ibe  inlra-utctinc  Huuli, 
+  Op^  eit.,p.  631. 
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The  diseases  of  chitdicn  m  which  cleciridiy  has  been  found  of  ser* 
rice  arc  (he  following: — 

Chorea,  MaraMi)ii»  and  General  Debility, 

Whooping-Cough,  Inconlincncc  of  Urine, 

Cholera  Infantum,  Voiiiiiing, 

Laryngismus  Stridulus,*  Infantile  Paralysis. 

Treatment. — Chorea  has  been  successfully  treated  by  a  variety  of 
methods  of  electrization — by  frictional  electricity,  peripheral  faradiza- 
lion,f  aud  galvanization  of  the  spine^  and  in  our  hands  general  faradi- 
zation and  central  galvanization.  Successful  results  have  been  gained 
by  all  these  rnethods.  We  have  fyund  general  faradisation  and  central 
galvanization  alone  so  successful  in  cases  of  general  chorea,  that  we 
have  but  rarely  had  occasion  to  experiment  with  other  methods. 

Our  success  with  general  faradization  in  chorea  is  probably  to  be 
accounted  for  partly  by  the  muscular  ciercisc  that  is  derived  from  this 
roethod  of  treatiueot,  as  well  as  by  the  tonic  action  of  the  current  on 
the  nervous  system.  Choreic  patients  do  not  usually  bear  strong  cen- 
tral galvanization  or  protracted  sittings;  the  milder  influence  of  the 
faradic  current  is  preferable  to  the  galvanic,  unless  the  latter  is  used 
with  considerable  caution.  Rencdikt  claims  to  have  been  uniformly 
successful  in  more  than  twenty  cases  of  chorea  by  galvanization  of  the 
ipine.  He  used,  however,  but  a  small  number  of  elements,  and  the 
length  of  tlie  sittings  was  not  more  than  one  and  a  half  minutes.  Othei 
observers  have  not  been  so  successful  with  this  method.  Meyer  reports 
unsatisfactory  results  with  galvanization  of  the  spine  in  two  or  three 
cases.  §  It  is  probable  that  the  success  of  Ilcnedikt  with  galvanization 
of  the  spine  was  due  to  the  very  great  caution  which  he  exercised  in 
regard  to  the  strength  of  the  current  and  the  length  of  the  sittings,  as 


"Thh  affection  b  cOD&idcred  under  DUcMe*  of  the  Lvynx. 
+  Duchcnne  and  Beniucrel,  t  Bcnetlikt,  6  Or  cit, ,  p.  364. 
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he  himself  declares  that  the  symptoms  were  aggravated  if  the  nimibei 
of  elements  were  much  increased.  For  hcmi-chorea  Benedikt  recom- 
mends galvanization  of  the  head.  We  prefer  for  all  cases  of  chorea 
general  faradization,  occasionally  varied  by  central  galvanization,  with 
very  mild  currents,  and  believe  that  this  meUiod  of  Ireaimcnt  faithfully 
used  will  do  all  that  can  be  done  for  this  disease  through  electricity. 

Prognosis. — In  regard  to  the  prognosis  of  chorea  under  electrical 
treatment  there  has  been  considerable  skepticism,  even  among  those 
who  are  friendly  to  electrotherapeutics.  This  skepticism  has  been  due 
to  the  fact  that  the  majority  of  cases  of  chorea  recover  spontaneously 
in  time,  and  because  thn^ir  improvement  under  electricity  is,  in  some 
cases,  quite  slow. 

Aside  from  the  well-known  fact  that  many  cases  recover  spontaneously 
in  the  course  of  a  few  weeks  or  months,  direct  and  positive  results  of 
treatment  can  be  appreciated  in  this  disease  more  uniformly  than  in  any 
other  spastic  condition.  Cases  of  failure  after  protracted  treatment  by 
electricity  are  exceptional.  The  worst  cases,  when  recent,  sometimes 
seem  to  jneld  better  than  those  which  arc  comparatively  mild. 

Partial  chorea,  affecting  the  eyelid,  the  muscles  of  the  neck,  or  a  siD> 
gle  limb,  or  group  of  muscles,  is  more  obstinate  than  a  much  worse 
form  of  general  chorea.  The  explanation  of  this  inconsistency  is  that 
patients  affected  with  partial  chorea  are  apt  to  delay  weeks,  months, 
and  years  before  taking  treatment.  Kecent  cases  we  have  found  to 
yield  almosi  unifotnily.  All  long-standing  choreic  cases  need  to  be 
treated  pcrscvcringly — from  one  to  several  months  being  usually  neces- 
sary to  complete  a  cure.  In  some  cases  no  apparent  improvement 
takes  place  at  the  outset  of  electrical  treatment,  and  the  friends  of  the 
p-iticnt  become  discouraged  ;  but  if  the  treatment  be  continued,  a  per. 
niauenl  cure  may  be  obtained.  Symptomatic  chorea — dependent  on 
cerebral  or  cerebellar  disease — offers  an  unfavorable  prognosis. 

QtHfrai  th^fa,  with  inability  of  iht  fotiml  ta  wali,  fni  kimttlft  vr  dUiinaif 
tptak—Rtcovery  tinder  tentral  gatoaititation,  afltr  tki  failurt  of  general  fara- 
dUalian  and  medkalistt. 

Case  CXXX. — Master  S.,  a  little  boy  abont  teo  yean  old,  came  \tt  at  throu^ 
Dr.  }.  O.  Firrington. 

Tlie  patient  hud  (or  some  tlTne  tnflfcred  from  general  chore*  of  %  decided  character, 
Init  during  the  Ik!^I  few  vrceki  it  had  to  incrcued  in  wettnif  that  he  wu  unable  to 
wrallc,  or  Fven  feed  iiiinveU'.  All  Im  extremvtio  as  vreU  vi  lite  face  were  in  conxCant 
motiun;  his  ottcnuice  wu  indiccinct,  and  in  weight  he  hod  decreased  very  mncti. 
There  was  no  hereditary  tendency  of  thit  character  in  the  family,  and  the  ortly  caoM 
to  wliich  the  symptomit  could  plau&lhly  be  allrihuled  was  a  fall  from  a  hone,  whicb 
wverely  jarred  him,  some  vrecki  before  the  diwaw  mimirc«ted  itself. 
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Tlic  treilmtnt  was  rarled.  Fowler's  loltitlon  ud  certois  other  mnadies.  wMcli  w« 
do  not  now  tccaII,  h^d  heen  ftiithfiilly  tried,  but  without  oencfit.  Wc  beg&n  with 
mild  general  faradization,  but,  u  ihc  resulu  <tid  not  accord  with  our  cxpcctutiuns,  we 
ahnndoncii  ii  And  t<Kaytd  very  gcnilc  central  galvaniialion. 

Doring  the  fiiM  week  of  thti  ticatin«nt  no  apprecialiLe  benefit  Kemed  to  be  derived, 
except  lu)  iuigituvemenl  in  deep. 

Soon  after  this  however,  the  eJTbrt  obcerved  w«s  decided.  His  appetite  hecutne 
better,  remUing  natui&lly  in  increued  wetsht ;  co-otJinntlon  of  movement  rapidly 
beoame  potiUble,  (he  uiteruice  dUiiact,  arid  in  u  few  wcekt  recovery  was  complete. 

Treatment  wns  disconlinud  in  Fobniary,  iSjt,  and  to  this  dale  there  hoj  been  no 
evidence  of  a  return  of  the  disease. 

Ckarta  of  ten  tnonth^  ttamJiitg,  af  the  lift  lidt  and  right  arm^  in  a  girj  efglrpfn—- 
Rttw*ry  in  Un  weij  uitJtr  etntrat  gaivaHitatinn. 
Cask  CXX  X  I.— M.  R.,  a  Ultlc  giil.  aged  clcTcn,  was  dirccCcvl  to  ui  by  Dr.  R  H. 
f,  of  Haflctn.  Some  ten  montlii  before,  (be  motlicr  tir»i  olM«rred  flight  oon- 
■Uw  twitchings  of  the  left  hand,  which  gradoallyincreued  in  severity  unlil  in  a  few 
weelcR  the  member  wai  quite  useless  In  two  or  three  monlhi  tlic  left  Itg  borame 
choreic,  and  won  after  ihc  disorder  exicnijed  to  the  right  arm.  It  was  one  of  ihoao 
ca«s  w)iich  obstinately  roiM  ordinary  inlcmal  medication,  finci  wan  hcni:«  conudetcd 
a  fair  opportunity  to  let  the  Tirtue*  of  central  ealvaniiation.  The  treatment  wai 
given  e\-ciy  other  day,  but  tbi  three  we«ki  no  apparent  impresuon  waa  mode  upon 
the  dlieue. 

During  ibe  fourth  week  the  symptoms  Minewhat  abated,  and  from  thb  time  forth 
the  improvement  via  uninterrapled,  until,  in  ten  weeks  front  (he  beginning  of  Ibe 
treaiimciii,  recovery  wai  perfect. 

^Ckardt  ttiiturtancf  ef  tkt  Mead  of  five  meittAj'  Juration — Retntry  umtfer  leu  iJkan 
ftvtlft  appliioiioiti  a/  general /araJitaii^m. 
CasI  CXXXII. — Minnie  V.,  aged  8  jreara,  had  been  aficcied  for  five  monlli*  with 
levere  and  almost  constant  ncrrumtwitchiup  of  thehead.  They  wcrccridenlly  choreic 
in  character,  occurred  witbout  the  cuniciomneta  of  the  child,  and  during  Jilcep  were  en- 
tirety wanting.  The  patient  wai  mmewhat  deprcx^  in  health  and  decidedly  aniemic, 
and  we  therefore  aiibmiued  her  to  general  faradlaatlon.  Under  t lie  Influence  of  In* 
than  %.  donn  applications  slie  i;jdued  iu  appetite  and  streiiKtti.  The  choreic  disiurb- 
^Uce  became  decidedly  leu  marked,  and  after  the  cessation  of  the  treatmenl,  for  tha 
of  allowing  the  secondary  effects  to  be  mantfeSed,  it  was  not  more  than  ten 
flayi  before  recovery  wai  complete. 

'C^fva  t>/  a  year's  Juration — Imprawmrnt  during  tr/atmtni,  and  rafiJ  rtfevery 

after  iti  ttnatien. 
Cask  CXX  XIII. — A  little  boy  nf  a  delicateorgnniution  was  sent  to  Dt  by  Dr.  Geo, 
Peters.     The  child  had  been  affected  with  geneni  choreic  movemeniE  of  a  decided 
*jK>iigh  not  tevere  character  for  a  little  more  than  a  year     The  mechanical  effect*  of 

Kllie  farodic  current  Meming  to  disagree  with  the  patient,  we  nibmitled  him  to  mild 
•foncea  of  central  galraniuviion.  Some  fifteen  app3iulion>  were  admini^cred  during 
the>»onth  which  resulted  in  some  improvement.  At  thi*  stage  the  treatment  wai 
n^cemrily  tnlermpteti,  but  the  improvcnKiit  cootinufld,  and  in  a  few  week*  ibc 
tccuvery  was  tjuitc  comptctc. 
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In  not  a  few  cases  of  chorea  the  beneficial  effects  of  eleclrical  treat 
mcDl  became  manifest — as  in  the  above — after  cessation  of  the  applica- 
tions. 

Stvtrt  ekortQ  in  a  girS  mtn  ytari  of  agt — iMi  than  luuai  /entitiventtt  om  tkt  ke»a 
— Recixtry  unJtr  ttn  getura!  faradisatMHt. 

Cass  CXXXIV.— L.  J.,  a  girl  wven  yean  of  okc  wi»l«<>ualit  for  treitmeniby 
genetal  clectrifaiion  in  September,  iS6&  She  wu  pale  and  Ucixler,  but  quite  tall  for 
her  Age.  Koi  ciglileeii  inunEhi  her  growth  hft>l  been  remarhftbly  rjipid,  uul 
to  tbU  fiict  llic  mother  wit  inclined  to  attribute  ihc  ditcaie.  The  parent*  hrA 
noticFi)  iume  Iwiiching  of  the  left  Imnd  in  the  fall  of  1866,  ha(  diii  not  at  ihe  time 
liive  tl  pariituUr  attention.  The  choreic  jymptoin*  rapMIy  increaw»d  lo  such  aii  ex- 
tent, however,  thnC  ihey  became  ailnrnied,  nnrl  apjilied  lur  niedical  tre.ilmetit.  Sul 
in  i^le  of  peni»tcai  inteni^  molication.  the  wtM.  of  power  to  co-urdiiuUe  her  move- 
ments pew  more  marked,  and  the  symptoms  extended  to  her  lunbi  and  orcmti  of 
^eech.  Ac  the  lime  ilui  the  patient  came  under  our  notice  the  choreic  tnoventenit 
were  (jiiitc  violent.  The  left  arte  wa»  ronsiderahly  more  alTcctod  than  the  right,  and 
her  articulnlion  was  »  indisiinct  that  it  was  iinpo«ible  for  a  ttnoger  to  tiiideriUnd 
what  *he  iaid.  \V*c  found  do  lilflicully  \\\  inducin){  Ibc  thild  to  submit  lo  the  treal> 
ncnt,  but  llie  invulunlaty  a^'iiaiion  uf  the  le^^  wni  10  ^ent  that  it  wnu  fouttd  iwoc:^ 
lary  lo  hold  the  feet  D))on  (he  plate  to  which  the  nrgalirc  pole  W3«  Bllached. 

The  ctirreni  wa*  very  ieiit>ilivc1y  fell  over  the  stomach,  but  n'tt  o»er  any  ot1«i 
porliuu  of  llie  bwJy.  It  may  be  remarked,  howerer,  tliac  over  the  bead  could  be 
borne  without  diacomfort  a  current  mech  mure  intense  than  is  the  case  in  the  Dormal 
condition. 

The  first  and  Kcond  applications  resulted  in  no  appreciable  change  in  her  !^mp- 
toms  [  but  at  the  fourth  visit,  ahoiil  ten  days  aftef  the  lij-*t,  a  perceptible  improve- 
ment was  noliieii.  As  is  usunlly  the  case  when  a  fus'orabie  result  follonr^  any 
iiiethud  of  Irealnicnt,  the  diiniiiution  of  the  choreic  tuoveinent  via.s/!rt€  mamfttltii  im 
Ihe  lawtr  limit.     The  progreK  towards  recovery  wo*  very  rapid. 

At  llic  &^h  visit  she  could  retain  ber  feet  upon  the  plate  by  her  orni  unaided  dTorta, 
while  the  application  was  being  made.  Thti  improvement  had  also  extended  to  the 
arms  and  face,  and  (he  tenth  application,  administered  about  a  month  after  the  first, 
dimpated  every  choreic  symptom.  1'here  was  one  peculiar  and  wellinarked  fealare, 
which  we  observed  in  this  as  well  as  in  several  other  coses.  We  refer  10  the  in- 
tensity of  the  current  used  wlicn  applications  were  mode  to  the  head.  As  the  disease 
advanced  toward  recovery,  tucli  applications  became  mo<e  and  more  painful,  10  that 
it  was  Dooeisaiy  lo  gradually  decreaie  their  power. 


CA^ta  of  fact  and  armt  in  m  lad  t-m*ivtytart  of  age,  dtpmdemt  tfx  nuntai  inftu- 
enttt — SettitKry  undfr  iocaiited  fariuliuUiam. 
Case  CXXX v.— In  December,  1866,  a  lady  brouslil  to  us  a  Ht tie  boy,  aged  i2>-ean, 
to  be  treated  for  tyraptonu  that  were  aomewhat  anomolom^  yet  not  of  a  character 
nfficienCly  marked  to  enablv  us  to  say  pouiively  that  St.  Vitui's  dance  proper  cidsied. 
WWle  In  perfect  repose,  and  even  when  eoBased  in  play,  study,  or  convcrtntlon.  If 
there  was  nothing  to  excite  or  alarm,  he  exhibited  nothing  nnusual  ta  his  moirements. 
If,  however,  be  failed  iu  bts  rcciuiions,  wot  tcoided  by  his  parents,  or  if  he  becams 
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ndted  tahttpUy,  or  wtsabuhedbir  (be  notice  of  a.  itranKer,  »ine  ptculiar  lyinp- 
(nmt  h)«rame  imrac^iatelv  munifat.  Tti«  muxles  of  ihe  face  became  coDvulscd,  aiid 
>t  lime*  ihc  twiiching  ww  quite  violent.  *a  thni  his  appearance  was  grote<>qiic  in  tht 
cxticiiic.  RapiiL  cuntracttuni  of  the  iuusclc«  of  Ihc  uia  ftlw  oociirrcd.  TheM  were 
most  iiuticcabic  tii  tliu  biccpi  luid  flexon  of  the  huiib  an<t  lin);ci^ 

The  ciiild  WJU  to  ail  BpjxMinLnce  perfectlf  healthy,  and  wu  of  a  lively  sn<l  genial 
dUpo&ilion. 

This  dUorder  of  the  nervous  funciioii  had  exlited  lotne  four  or  live  monlhs,  to  thsl 
conadenble  tineaMne»  wu  excited  in  i)ic  ratndt  of  the  frieiidx  of  the  p&licDt.  At  he 
lived  >  conudenblc  distance  from  the  city,  appjicationit  were  ^ven  only  oet^onally. 
u  hU  attcodftBl  found  it  con\-cnicnt  to  brine  ^">-  l^urine  the  course  of  a  month  the 
boy  visited  ua  tonne  five  or  tax  limes  and  an  he  vras  sulfering  from  no  «lel:nlily,  vt 
judged  it  to  be  saHidcnt  to  make  the  applicaiiont  only  lo  ific  yuatt  affccteil,  and  not 
to  emend  them  over  the  whole  *«rfac«  of  ttie  Ijody.  The  leiull  of  (!ii»  irr^;ular 
treatment  wo*  succewful,  tince  all  the  abnormal  moremeiitt  to  which  he  hail  been  BO 
tcadil)-  liable  oti  cxposxirc  to  any  excitement  became  less  and  teas  narked.  At  tha 
end  of  the  raoQth  he  left  tis  cured. 


^1  aggravated  tOM  of  eherea  rerittt  tktuition  of  the  gatvamU,  huf  yields  to  getural 
electrnatmn  with  lA^  faradic  eitrremt — Rtlafses,  aiui  again  riaivtrt  undtr  Ikt 
tamt  treatment. 

CaseCXXXVI. — A  little  patient,  seed  to yeaj^  under  thepcofesslonalcareof  Dr. 
J.  O.  Karrineton,  iwcsenied  the  .itverert  symptoms  of  chorea. 

Prof.  George  T.  l-:ili(itt  na«  culled  in  consultation  May  iS,  |S65,  and  by  these  gen* 
llemen  declricnl  treatment  wa»  advised. 

Some  Iwu  months  previous  lo  (he  conmillation  ccrla.in  abnormal  movcmenli — «uch 
u  Parting  suddenly  lo  hit  feel,  Ihrowinj;  out  a  hand  or  a  fool,  etc. — were  obwrved 
by  the  teacher  of  the  boy.  Two  wcelia  subsequently,  the  pitient  was  teiied  with  well- 
marked  choreic  symptoms  of  the  right  ).ide  of  thc'bivJy,  and  In  two  days  the  ditturb- 
ance  extended  to  the  opposite  side.  So  con«ta.ni  and  violent  were  the  movements  of 
his  arms  and  legs  thai  it  was  impos&iblc  lo  keep  him  on  a  l>ed  or  sofa.  It  wa>  iicccs- 
a«ry  to  place  him  ou  the  c«r[iet,  sarrounded  }>y  inflated  mbbrr  bagi.  Intelligence 
■eemed  to  he  perfect,  but  (he  pnwer  of  speech  was  lo«  and  the  sufferqjr  mode  known 
his  wants  by  iropalienC  cries  and  ill-directed  motions, 

lileep  was  impossible  without  the  nightly  administration  of  on  opiate.  Contrary  to 
our  judgment,  l)Ut  by  ingjcstion,  we  commenced  ttentment  by  the  use  of  a  mild  gal- 
vanic current  directed  especially  to  the  base  of  the  brain  and  the  spinal  tract ;  but 
Ihis  method  served  nnly  to  aggravate  the  chiUl's  condition.  We  then  rcMrleil  lo  Ihe 
faradic  current  by  [he  method  of  general  elect riealion,  but  so  violent  weie  ihc  iiivol* 
unlary  movemcuts  in  Die  limb*  and  t>oity  of  tSe  patient,  '.hat  it  was  with  difficulty 
that  he  could  be  held  in  a  siding  posture  and  lii^  feet  kept  on  the  copper  plal-e  to 
whidi  the  n^aiive  pole  was  attached.  The  applications  were  genrrai — every  por- 
tion of  the  body,  from  the  head  to  tlie  foet,  being  inlluenced  on  each  uccatian. 

Improvement  wax  nunifeit  from  the  very  first.  He  wa.s  at  once  enahled  lo  deep 
tonndlyt  although  his  ojnate  was  reduced  one-third,  and  after  the  fourth  appIi.-aiicA 
k  waadiqicnscd  with  alto^ther.  fn  the  course  of  three  wcckii,  during  which  time 
fifteen  spplicatioos  ircre  given,  (he  caw  was  lo  far  improved  [hsl  the  jiaiticnt  wu  ablt 
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to  ultcr  dislmctly  won]t  and  Kalcncct.  The  choreic  lymploms  were  to  much  dimin 
ttJted  th«l  ihc  boy  couM  readily  &it  quiet  uid  ttloiM,  and  during  nn  ap^rlicaiion  wm 
Kbte  to  commviil  ihc  moverocnu  of  hU  body  and  feet,  ImprovetoeiH  coniiriued  dur- 
ing the  Kdnminixlraiion  of  a  few  more  ai>pIicalion>i,  when  the  child  w  taken  to  the 
WA-shorc,  where  in  two  wcchs  he  <)nile  recovered.  After  haviof*  enjoyed  excellent 
health  for  A  yeatr  and  a  half,  the  boy  luffcrcd  from  «  Mcond  Attack.  He  wns  imme- 
dialalyiubjected  to  the  influence  of  electrtnt  ion,  and  recovered  even  more  rapdly 
than  before^ 

Afarasmus  and  GtHtral  Debiliiy.  -In  the  treatment  of  marasmus  and 
general  debility  of  chitdren.  Dr.  B»rd  has  recently  made  a  series  of 
experiments  at  tht;  Sheltering  Anns  Institution  in  Brooklyn,  which  Is 
under  (he  medical  charge  of  Drs.  Jerome  Walker  and  Frank  RockwelL 
In  addition  to  this  hospital  trxpericnce,  Dr.  Rockwell  has.  in  jnivaie 
practice  more  especially,  had  very  many  opportunities  of  testing  the 
efficAcy  of  the  various  forms  of  eleclricily  in  the  dise^Lses  under  consid- 
eration. In  these  investigations  a  number  of  marasmic  cases  and  of 
cases  of  debility  of  various  kinds,  some  of  a  most  serious  character,  were 
treated  by  general  faradization,  and  with  most  pleasing  results.  The 
remarkable  improvement  in  nutrition  that  the  young  of  animals  may 
derive  from  general  faradisation  has  already  been  dc&cribcd  (see  chapter 
on  Nutrition,  iu  Electro -Physiology ). 

Twu  important  facts  were  brought  out  and  conhrmed  in  these  exper- 
iments : — 

I.  That  very  young  children — under  one  year — could  bear  as  large 
doses  of  general  faradization  as  adults. 

a.  Thai  the  recognized  tonic  effects  of  general  faradiiation — improve- 
ment in  sleep,  appetite,  and  in  rapidity  and  vigor  of  growth— are  appre- 
ciated by  infants  even  more  rapidly  Ihan  by  adults. 

Cases  thnt  were  fast  failing  were  restored,  and  in  one  or  two  instances 
life  was  apparently  saved  by  the  treatment. 

AfarnsmHt  im  a  ekUJ  agfil /mr—Rtmrtry  undfr  gtntrat /araJitatioi  ttjter  foibtrt 
of  the  ateepted  rnHhtctt  of  trtalment. 

Case  CXXXVII. — K,  C,  a  little  boy  aged  4,  had  been  prostrated  for  lorae  time  wilb 
^anhtxil  sj-mptotns  with  fever.  The^e  iymplomi  became  modified  under  treatment  ; 
but  the  child  continued  oicesuvely  weak,  with  no  appetite,  with  paroiysms  of  fever- 
ialiness,  sleeplcisnc^  profasc  oighl-SMfcats,  and  ffogrrsttvt  tmadatlott.  No  form  of 
medication  seemed  of  much  Mrvice  ;  and  as  the  condition  of  the  patient  had  asmmed 
a  chronic  character  and  clearly  pointed  (o  di&eascof  the  mcKnleric  {[landi,  electricity 
wa»  adviMid  by  both  Dra.  H.  H.  Gregory,  the  attending,  and  the  late  Ceo.  T.  EUiot. 
the  coniutling  phyvictan. 

Wc  tubiDLlled  the  little  patient  Co  general  faradisation  carefully  but  thotoiiehly 
■pplieil.     In  on:  respect  its  cfl'ccU  were  inimo;liately  and  decidedly  evidenced. 
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The  deep  wu  betiered  Mtd  the  proftue  pcsBfrfration  very  markedly  checked.  Fai 
ux  weeks  Ihu  treatment  was  repeated  every  nighl,  and  while  there  wa£  no  lipid  prog* 
ieutowftnl»hedtli,  yel  iiom  ibt  htjpanmg  of  treatment  the  iaprovcmeat  w»s  (ntddal 
and  uninlcniiptetl  until  the  lecoverjr  wn^  cutnplele. 

ll^ooping-Ccugh. — In  the  institution  mcntioticd  on  the  preceding 
pa^e,  and  in  private  practice,  sixteen  cases  of  whooping-cough  in  various 
stages  of  the  disease  have  been  treated,  mainly  by  central  galranixation. 
The  result  was  improvenieni  in  every  case.  The  paroxjrsms  were 
diminished  in  frequency  and  violence,  and  in  some  instances  the 
length  oC  the  distressing  stage  of  the  disease  was  shortened. 

In  cases  conipltcaCed  with  debility  there  was  improvement  in  general 
nutrition.  In  one  case  where  great  debility,  resulting  from  congenital 
syphilis  existed,  the  improvement  in  general  milrition  was  most  striking ; 
and  in  that  case  general  faradization  was  mainly  used.  In  most  of  the 
cases  treatedj  the  usual  medication  in  wide  variety,  including  quinine, 
bad  been  tried.  All  medication  was  slopped  shortly  after  the  electri- 
cal treatment  was  adopted. 

Inconiinemeaf  Urine. — Thisvery  distressing  infirmity  will  sometimes 
yield  to  local  or  central  galvanizattoD,  but  the  good  results  Uut  are 
ubtained  by  these  methods  of  treatment  arc  not  always  permanent. 

In  conjiiclion,  however,  with  other  tonic  remedies,  It  is  undoubtedly 
1  valuable  aid  in  the  treatment  of  this  disease. 

\\\  cases  where  there  is  an  almost  absolute  want  of  control  over  the 
bladder,  the  local  applicaltoti  of  the  faradic  current  is  strongly  indicate<), 
and  will  frequently  alleviate  the  symptotng. 

The  following  case  is  illustrative  of  the  good  effects  that  may  occa- 
sionally follow  the  use  of  electricity : 

ItteoHlsnenet  «f  urim  tinet  iir/A  im  a  eAilJ  age^six — It«m€iy  in  lix  mamfAt  «w*At 

/ineai  faradttAticn. 
Cask  CXX X VI II.— Willie  •.^,  a  Utile  boy,  ajred  lix,  had  been  annoyed,  mor* 
or  lets,  bjtthiiwant  of  control  over  t be  Madder  ance  his  bJrih.  IleuivULably  wet  Ua 
bed  at  night,  and  it  wa*  not  unatnal  for  him  to  meet  with  accidenU  by  day.  lie  was  a 
fiiie  healthy  lioy,  und  thcrefuce  he  wa&  buliiniited  to  simple  localind  fanditttlon. 
The  treatmeat  was  not  kept  up  very  ret^larly,  but  unce  or  twice  a  week,  as  he  hap- 
pened to  vUit  the  office.  In  about  a  month,  hU  mother  vbterved  a  very  decided  im- 
provetnent  The  imprnTcment  slowly  continued,  and  in  the  conrsc  or  six  moothi  iha 
patient  K«mc<J  to  have  gained  ordinary  control  over  thb  fnnctiun. 

VbmUing  and  ChcUra  Infantum. — Both  vomiting  in  children  and 
cliolcra  infantum  arc  treated  with  advantage  by  bromide  of  potassitun 
and  by  the  tonic  influence  of  sea,  mountain,  and  country  air.  It  would 
therefore  be  just  to  suppose  that  these  affections  might  be  successfnlly 
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trea(«d  by  electricity.  Dr.  T..cnte,  of  Cold  Spring,  inronns  us  that  lie 
has  iiad  excellent  results  in  the  treatment  of  vomiting  in  children  by 
faradization.  Dr.  O'Reilley,  of  Louisville,  Ky.,  reports  good  resutn 
from  faradization  in  cholera  infantum. 

In/antiU  Paralysis. — Paralysis  in  infants,  though  often  of  a  reflex 
character,  is  so  frequently  dependent  on  some  morbid  condition  of  llic 
spine,  that  it  might  proi>crly  be  included  under  spinal  paralysis.  Like 
paraplegia  in  adults,  it  depends  on  a  variety  of  diseased  states  of  the 
Spinal  cord  and  its  membranes.  There  i&,  j>robabIy,  no  one  patholo- 
gical lesion  that  is  pathognomonic  of  this  disease.* 

The  symptoms  of  the  disease  are  paralysis  of  mafitfn,  tatth  less  of  flee- 
tro-muscular  cfftiiraetiUly,  some  artasthesi<i,sreat  JimiHuiifiH  oj  tcmptr- 
ature,  and  museular  atrophy. 

In  some  cases  the  muscular  atrophy  is  accompanied  by  fatty  degctv 
eration, 

I>uchenne,  with  the  aid  of  the  microscope,  has  investigated  the  con- 
ditioD  of  the  muscles  in  muscular  atrophy.    J*or  this  purpose  a  trocar 


Fia.  Ii5— Duchenae'B  Tnicar. 


Fio,  117 — Noe^emtV*  Troar. 


3sr^ 


18  necessary.  Duchenne's  tiocar,  Fig.  1  iG,  is  introduced  into  the  muscle 
open.  When  in  situ,  a  piece  of  sharp  steel  is  pushed,  by  means  of  a 
button,  against  the  barb  of  the  trocar.  A  piece  of  muscle  is  thus 
caught,  which,  on  the  withdrawal  of  the  trocar,  can  be  examined. 

Microscopic  Examinntian  of  Muscles. — Noeggcrath's  instrument, 
Fig.  [39,  is  introduced  as  a  simple  trocar,  and  when  in  situ,  the  wire  con- 
Uiined  in  it,  being  pushed  forvraid,  causes  the  prongs  or  cla^sps  on  iti 
extremity  to  emerge  a  little  separated.  When  the  wire  is  pulled  out  the 
prongs  come  together,  bringing  with  them  a  piece  of  the  flesh. 


*  For  X  valuable  rfisninfi  of  the  prcjcnt  H&te  of  our  knowledite  ol  the  Fathsgtny  of 
tmfaniile  Parafym,  tee  the  paper  oa  Ihftt  nibject  by  Dr.  Maty  Jacobi  b  ibe  Sta. 
Jonmal  of  Obttelrics,  Mk/.  1B74. 
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Wc  present  the  cuts  of  Ouclicnne,  with  condensed  ex]itanalbns. 

Normal  fibre.  «- — ^ — 'First  iegrtt.  -> 


Fic.  11*. 


Pic.  Tig. 


Fie.  I9B. 


Tig.  iiS  "repreacnls  the  normil  fibres,  with  ihe  iransvencdriat" 
Tip.  119,  ISO.— "Tlic  iransvcrw  stria  «re  Ic*a  diilincl;   they  ftre  frequenllf 
broiken  ;  (he  longitiuUnal  film  Are  more  and  mnrc  nuifkeil." 

Sacsnd  d^rec 


Pic.  iti. 


Fio.  m. 


F|g>  Ul.— "The  rausctilar  fAscia  tseomprHeii  entirely  of  longitarltnal  fi1;ret,  tlif 
tniuwne  sttix  havini;  completely  diuppcared." 

"  Bj  the  lidc  of  the  itiu«cul«r  fibre  adipote  tivnie  in  ohfcnfetl,  cmnpoted  of  celh 
that  are  either  {a]  round  gr  longttndiRftl ;  there  arc  little  drop*  {i]  of  fal  depoutcit  in 
the  mutcuUr  Btre." 

Fl|[.  133. — "  The  muscular  Sibres  l»*e  stEU  preserved  tbcir  coatrMtUitjr,  u  d  mc 
andulsitng." 
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Tbe  tactile  sensibility  is  in  some  cases  much  diminished ;   in  other 
cases  it  docs  not  appear  to  be  affected. 

A  slight  degree  of  anaesthesia  cannot  be  ascertained  in  very  young 
patients.  An  important  feature  of  infantile  paralysis  is  that  the  muscle" 
exhibit  contractility  under  galvanization  when  they  are  not  at  all  affected 
by  faradizaiiun.  In  this  disease  especially  boih  currents  are  necessary 
in  the  diagnosis  as  well  as  in  the  treatment,  and  careful  regard  must  be 
given  to  the  "motor  points." 

In  making  an  examination  of  the  condition  of  the  muitdes  of  infants 
it  should  be  ri^membered  that,  on  account  of  their  tlabby  character  and 
the  relatively  large  proportion  of  adipose  tissue  by  which«they  are  sur- 
rounded, they  do  not  respond  as  readily  nor  as  perceptibly  to  electriza- 
tion as  ihc  mu.scles  of  adults. 

Trealmeni. — Galvanization  of  the  affected  liiubs  is  the  method  of 
electriiation  that  is  principally  indicated  in  infantile  paralysis.  In  those 
cases  that  Tail  to  respond  to  the  faradic  current,  the  galvanic  is  indis- 
pensable. When  the  muscles  have  regained  their  contractility  under 
the  faradic  current,  faradization  may  be  used  either  alone  or  alternately 
with  galvanisation. 

Children  will  bear  as  powerful  currents  and  as  protracted  localized 
applications,  without  apparent  injury,  as  adults  (see  |>.  550).  No  stronger 
currents  should  be  used,  however,  than  are  jusi  stiBicienI  lo  produce 
full  muscular  contractions^  The  most  frequent  mistake  is  ta  overdo  the 
treatment — to  ust  too  strong  eur rents,  ofui  too  long  applications,  and  thus 
weaken  rather  than  strengthen  the  museUs. 

Galvanization  of  the  spine  is  also  indicated,  and  in  connection  with 
the  peripheral  treatment  should  not  be  neglected. 

In  infantile  paralysis  the  general  health  is  not  necessarily  impaired. 
Those  cases  that  are  accompanied  with  general  weakness  should  be 
treated  by  general  as  well  as  localized  faradization  and  central  galvani* 
cation.  Treatment  by  electrization  is  greatly  aided  by  passive  move> 
ments  systematically  and  skilfully  used,  shampooing,  frictions,  and  the 
application  of  dry  heat  and  hot  water  to  the  affected  limbs.  (See  re 
marks  on  Accessory  Treatment  under  Hemiplegia.) 

-Prognosis, — The  prognosis  must  depend  on  the  cause,  the  probable 
nature  of  the  lesion,  the  length  of  time  ttiat  the  disease  has  existed,  and 
the  condition  of  the  muscles,  especially  as  ascertained  by  electric  and 
microscopic  examination.  If  fatty  degeneration  is  much  advanced  the 
prognosis  is  less  iavorable  than  when  no  degeneration  exists. 

Cases  of  a  reflex  or  functional  character  may  recover  speedily  with- 
DQt  special  treatment.     Cases  of  organic  character,  which  constitute 
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the  majorily,  and  which  have  gone  on  to  atrophy,  recover  only  slowly 
and  under  faithful,  persistent  ireatmcnt.  It  is  rucly  indeed  that  pa- 
rents or  giiarlians  have  the  patience  or  the  means  to  persevere  and 
obtain  the  fiiU  bene&t  of  wluch  electrization  is  capable. 

Frequently  the  improvement  rapidly  advances  to  a  certain  grade  and 
then  halts,  or  advances  so  imperceptibly  as  to  discourage  the  parent. 

fiaralytis  e/  U/t  arm;  atrop^  tf  deltoid— N«  r^tpatut  at  first  ta /araditatiat— 
Tmfrmtvtent,  Sut  n*t  rtterxTji,  utdfr  gah.-oMitation. 

Ca^ECXXXIX, — A  lioy  agcil  i4mtii]ths,wA^xu<ii)ciiIy  taken  with  caoifilRtr  parmlyvit 
of  Ihc  \ith  turn  after  exposure  lo  cold.  We  cminc  under  onr  ohMnrratinn  aboiil  a  week 
after  the  tebuiv.  We  rounii  It  iiDpo«tl>le  to  produce  the  Ui^lited  concruilont  of 
Ibc  nnucln  with  the  fu«dic  curraiU  After  two  applkaiiuiu  <»«  muitcd  lo  Lbe 
ptlvaiiic  concnE. 

ImmedUlc  contraction  of  all  the  paralyzed  muscles  foUowccI  its  use.  nnd  the  nalitnl 
power  wan  taXateA  lomewhat,  m  that  the  child  wo-i  enabled  lo  ilowly  dose  sndnpea 
the  banrl.  After  another  similar  ap^iliciHon,  the  tandic  cumcnl  wss  u  eflicaciooi  in 
prodacing  marked  coutrftctioDS  n^  the  galvanic 

Whra  Ireatromt  had  been  coniinued  about  a  (tionlb  the  child  could  lue  tlie  hand 
and  forrann  perfectly  well.  The  upper  ann  was  cntixidcraMj'  inipraved,  to  far  M 
power  of  movciueni  wa«  coDcemctl ;  but  the  deltoid  diqkIc  bad  atrophied,  uxl  no 
nib«c(|U<:Mit  treaiiiieut  »iJfi«ed  to  greatly  improve  iu  condtiton. 

fiorafysLi  ef  left  arm,  vith  alrapky  of  deltoid,  mu/if  iy  exp^mre  ta  eoid — A^ 
respaiut  at  first  t»  faradiaatian — Imfrawtntnt  mndtr  gakiamiafieii. 
Cask  CXr.  — A  !ihnrt  time  bcrore  we  uw  the  chfM  h«  had  been  exptneii  (wiib 
bare  arms  and  fthoulden),  while  riding  in  the  horv-eari.  to  cold  drnugbti  of  wind.  A 
few  hnnr«  i>ul>>cquenily  the  mothn  fir^i  nnticcil  that  (he  chiM  w*d  the  right  arni  alto*: 
|[«t)ier,  aiidujHin  fuiilier  examination  »b«discu^-ervd  lliat  llie  left  am  wu  perfect])' 
powerless.  Previous  tu  the  attack  the  t!ttle  pulient  had  been  differing  considerably 
from  the  iiritalivc  proccw  of  teething,  which  had  somewhat  reduced  him  in  health 
and  flesh.  The  ddioid  was  atrophied.  No  intcnaty  of  the  bradic  current  which  we 
felt  jusiihed  in  applying  tu  the  sftected  arm  produced  the  !tlig)it«t  effect  i  bat  wkra  a 
galvanic  current  of  moderate  power  was  made  lue  of,  the  mUKlct  of  the  paralysed  liaab  ] 
rc^Mnded  almast  asrcadil/aMhoMof  the  hcftlthy  tide.  The  improvement  uoder  the 
n»e  of  the  galvanic  current  was  for  a  time  ijiiitc  marked.  He  very  soon  re^pUned  fvU 
power  over  the  hand  and  forearm,  but  was  unable  for  a  long  while  tu  move  the  upper 
arm,  and  when  ireatment  n-at  rtincontinued  after  tome  twenty  applicaiionc  hod  been 
|[iven,  ll  was  Imposiiiblc  for  him  to  raise  the  arm  rvadtly  from  the  side.  NotwIthtAaad- 
Ing  the  RppTOxImatioti  to  a  perfect  cure,  the  Jaradic  current  would  prodace  only 
feeble  Gonlraetiotu,  while  tuider  the  Indueooe  of  the  galranic  current  the  ckctro-fna> 
cular  cooiractUity  wu  Yigorona,  , 

Pirafyiis  tf  right  Ug  fMowiwg  diarrkaa^Rapid  ritffotrj  under  generaj  far^ 

ditatim. 
Cask  CXLI.— A  Ktrl,  aged  14  muntha,  was  brought  tout  in  September,  1S67,  t« 
\k  Heated  for  an  at'  ick  of  paralysis  that  occurrod  six  weeks  before.    Duriog  tha 
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mer  she  hail  (ufTci  ed  ttam  k  dlurhsn,  which  had  coniiderably  reduced  her  in  strength 

Kiif)  fle^,  and  ja«t  a  week  before  [he  leg  became  paralysed  she  ex; chenccda  severe  at- 
lat-k  of  cholera  infantura.  The  mullier  of  Che  child  fint  ob««rved  some  laincneu  of  (he 
ii);lit  Icf;,  that  followed  nhortly  after  a  fall  fro-m  a  duttr.  In  two  <la]r»  the  leg  wrai 
without  the  JiglUcsl  power  of  motion.  The  limb  wascoltl.  The  improvement  (oUow- 
in^  clectriuttoi)  was  in  tliis  Jmtaiice  uiiuuially  rapid.  Two  apj>lj<:atiunii  with  the 
(ajadic  current  resulted  iu  some  prugreu ;  but  &fter  the  third  viiit,  when  llic  galranic 
c-.irrcnt  wan  used,  the  impravcmcnt  was  very  marked.  The  mu»:les  below  tlir  knc« 
contrattcd  vigorou&ly  for  the  lirst  Cimfl  under  its  influence,  and  in  the  course  o)  three 
tteelcs,  under  the  allemacing  uie  oC  the  two  curreDEt,  a  perfect  cure  wan  eHecte>L 

Paraiym  «/  six  m»mtk?  lionditg— Entire  htt  a/  rtaettem  to  Ivth  turrtnn—Af- 

frMfimafe  rttwtry. 

Case  CXLIL— Muter  C.  £.,  aged  four,  was  setU  to  u  by  Dr.  S.  H.  Mcllroy, 
cf  New  Vurk. 

In  September,  1K77,  the  patient  sufTercd  front  .1  severe  attack  of  chills  and  fever, 
follow«l  bjr  coDfulfLvc  scirurc*.  One  week  iubsci|iicnlly  the  right  leg  wa»  found  lo 
be  coroplctely  paralyred,  the  other  limbs,  with  the  exception  of  the  letl  arm,  bein^ 
alio  aJIiKted,  but  in  n  leu  degree.  In  March,  1878,  six  jnunlhs  later,  the  cake  rame 
under  out  care.  The  leg  was  appateiiijy  without  life,  quite  cold,  and  atrophied  to 
the  lad  degree,  while  the  electro- mauular  contract iliiy  ariu  completely  abolished, 
and  probably  bad  been  for  soine  time.  After  a  month'*  treatment  by  general  (ara- 
(lliatioB  and  locailzol  galvaniiation,  the  general  condition  had  i»mewhat  hnproved, 
but  thete  was  nut  the  slij;htc«(  evidence  of  cclurning  galvono-oiuscnlaf  coaiiactility. 
In  two  weelcft  more,  hnirever,  contract ioiu,  almnU  imperceptible,  were  oburved. 
These  increased  very  Uowly,  and  it  was  &ix  mouths  before  the  niusclM  responded  in 
tla-  least  degree  to  faradization.  AC  the  present  time,  after  a  year  of  (he  most  per- 
vaxmx.  endeavor,  the  contractions  are  contldcrable,  the  limb  has  increased  much  in 
aiM,  its  circulation  is  good,  and  the  child  can,  with  the  ^d  of  a  chair,  move  about 
C[uite  readily.  We  conceive  it  to  be  aclf-evident  that  if  this  patient  had  not  been 
Itcated  with  ununud  pcrwlcncy,  or  if  active  measures  hat]  been  delayed  much  longer, 
a  conditioa  of  life-long  helplessnesa  would  have  followed. 


In  consideration  of  the  absolute  and  bng-contiHutd  paralysis,  and 
loss  pf  electric  response  to  either  current,  the  above  results  have  ini- 
I'ressed  us  deeply,  and  shoitld  leach  that  even  desperate  cases  of  infan- 
!ili:  (laialysts  should  nut  be  hastily  abanduucd  to  their  fate. 


CHAFFER  XXIX. 


DISEASES  or  THB  GESirO-URINARV  ORGANS. 


I 

I 


The  mcilica)  diseases  of  the  male  genital  organs,  for  which  electri 
city  b  chiefly  indicated,  are  spirmatarrluea,  sem'mtti  emisthtu,  imfia- 
ttnct^  intonimente  ef  urint,  anil  paralysis  of  the  hladJer. 

As  it  hu  becD  doubted  whether  the  resources  or  the  electro- 
therapeutia  are  capable  of  affording  any  decided  and  la&ling  benefit  in 
these  diseases,  we  here  record  not  only  as  the  result  of  our  own  ex- 
perience, but  from  A  knowledge  of  the  experience  of  others,  that  oo 
case  in  which  there  have  been  reAMinable  grounds  for  hope  can  be 
laid  to  have  been  faiily  treated,  until  the  proper  application  of  dec- 
tricitr  has  been  alterupted. 

It  should  be  remarked  that  of  spermatorrticea,  seminal  emissions,  and 
impotence,  the  latter,  lakinj{  the  cxses  as  we  lind  tlicin,  yields  the  most 
uniformly  and  readily  to  elecirical  treatnienL  These  three  conditions 
are,  however,  very  frequently  associated,  and  the  symptoms  of  each 
aiay  be  so  intenningled  as  to  render  it  difficult  to  decide  which  presents 
tbe  most  prominent  indications. 

Sptrmatarrhaa. — There  can  be  no  question  that  irue  tpfrmatvrrhita 
i*  much  less  frequent  than  is  generally  believed.  It  consists  of  an  in- 
Toluntarj-  discharge  of  scnicn  without  erecrion,  and  as  there  are  several 
secretory  glands  besides  the  testicles,  the  secretion  from  which  lubri- 
cates  tbe  uretJiral  canal,  and  may  even  appear  externally  in  a  healthy 
COtkditiOQ  of  (he  parts,  the  activity  of  charlatana  has  had  a  lair  &eld  in 
which  to  excite  alarm  among  the  credulous. 

SfMimai  tmistioHs  consists  in  an  involuntary  discharge  of  seminal 
fluid  with  erection,  and  demands  treatment  only  when  it  becomes  ex< 
cessive,  and  is  associated  with,  is  dependent  on,  or  is  the  cause  of 
constitutional  disturbance. 

Trtaiment. — In  regard  to  the  treatment  o(  spermatorrhaea  and  scmt- 
nal  emissions,  it  is  hardly  necessary  to  say  tliat  no  one  method  of 
electrisation  will  answer  in  all  cases.  The  applications  may  be  local- 
iied  externally  or  internally,  and  in  addition  wc  frequently  use  with 
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advantage  general  faradizaiion  and  centnl  galvani/.a(ion.  There  is  one 
^lelliod  of  procedure  concerning  che  ill  effects  of  which  we  have  pou 
live  Lonviclions.  Wc  refer  to  strong  galvanization  of  the  ejacalotory 
duels,  or  the  parts  in  their  immediate  vicinity,  by  means  of  the  insulated 
catheter  electrode. 

It  is  true  that  if  employed  with  great  caution,  and  with  a  current  of 
very  feeble  power,  no  hanu  may  result.  Currents  of  considerable 
electrolytic  power  even  may  frequently  be  borne  without  any  aitcr  ill 
effects :  but  it  is  equally  true  that  these  same  apphcations,  whether 
weak  or  strong,  have  in  numbers  of  instances  been  followed  by  pro- 
found  and  lasting  irritation. 

Deaths  have  been  known  to  result  from  the  effects  of  the  p^tt 
eauiti^ue.  From  the  history  of  unc  of  our  cases,  it  seemed  sufficieniljr 
dear  that  this  tieaUuenc  bad  laid  tiie  foundation  of  an  obstinate 
stricture  and  in  another  case  of  complete  destniction  of  the  virile 
power,  it  was  evident  ihat  the  symptoms  were  in  a  measure  due  to  a 
most  severe  and  ilUadvised  cauterization  of  the  ejaculatory  ducts. 

Electrolytic  action  is  of  course  more  completely  under  control,  and 
although  its  action  is  dilTerent  from  that  of  the  caustic,  it  is  yet 
occasionally  followed  by  substantially  the  same  results,  and  wc  hesi- 
tate to  make  use  of  it  in  the  irritable  conditions  that  we  are  con- 
sidering. 

In  lieu  of  this  procedure,  however,  and  in  addition  to  the  external 
methods  of  treatment,  wc  arc  highly  in  favor  of  the  direct  application 
of  the  faradic  current  to  (he  urethra,  and  on  the  same  principles,  and  to 
meet  the  same  indications,  that  the  occasional  introduction  of  the  ordi- 
nary' catheter  is  aitempteti  Mechanical  pressure  alone  tends  to  unload 
Ih-"  congested  capillaries,  and  to  very  decidedly  lessen  the  sensibility  of 
llu  urethral  nerves,  and  when  combined  with  the  vibratory  action  of 
tht  faradic  current,  we  arc  convinced  that  its  good  effects  are  marked* 
ly  increased, 

intpotente, — The  mildest  and  most  frequent  fonn  of  impotence  niani. 
fcsts  itself  by  a  premature  ejaculation  of  semen,  with  no  special  diminu- 
tion of  sexual  desire,  but  with  some  impairment  of  the  power  of  erection, 
A  ^^mewhat  more  persistent  condition  is  shown,  by  an  appreciable 
diminution  or  capriciousness  of  the  sexual  appetite,  with  a  marked  de- 
crease of  the  power  of  erection,  and  again  there  is  not  unfrequently  an 
enl:re  absence  of  sexual  desire  and  power  of  erection.  Another  form  of 
imf.  olcnce  may  be  XxivatA psythicaL  Tlie  unfortunate  subjects  of  Ihi* 
con- ution,  ignorant  of  what  the  normal  sexual  appetite  should  be,  often* 
tinii'w  sup)>OAc  that  in  their  case  it  is  deficient.     Depressed  anddislracteit 
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bj  self-brooding,  they  aometimes  fulfil  their  own  dark  forebodings,  and 
fail  in  their  preliminary  attempts  to  accomplish  the  sexual  act  through 
the  very  intensity  of  their  desire. 

We  shall  noi  attempt  to  enter  into  any  consideration  of  the  causation 
of  these  symptoms,  further  than  to  say  that  the  vast  majority  of  case? 
of  this  character  arc  brought  on  by  the  same  general  causes,  matitur- 
bation,  or  suddenly  breaking  off  the  habit  of  masturbation,  excessive 
sexual  imlulgence,  prolonged  continence,  or  by  any  influence  that 
debilitates  the  system. 

Not  only  in  its  incipient  but  in  its  more  advanced  stages,  impotence 
not  unfrequcntly  is  the  rciiult  of  organic  tliseasie  of  the  ncive-ccntres, 
and  its  treaCnicnt  by  electricity  is  of  importance  only  so  far  as  it  Hcrvcs 
as  an  illustration  of  the  cxtrafudinary  stimulating  or  Ionic  influence 
of  the  rcmetly.  We  have  had  patients  suffering  from  incurable 
chronic  hemiplegia,  progressive  muscular  atrophy,  locomnior  ataxia, 
etc.,  where  there  has  been,  under  local  and  general  elecbizaiion,  a 
most  extraordinary  increase  in  the  desire  and  capacity  for  sexual  inter* 
course. 

Ele^o-Dia,^nosis. — Anrtslhitia  of  ont'half,  Hiually  the  If/t,  cf  the 
Ptnit,  i-i  a  condition  not  nnfrcquentiy  observed  in  diijeases  of  these  parts. 
This  may  be  detected  by  an  electric  examination  or  by  the  ;est]ic8ioni- 
eler.  This  peculiarity,  which  was  first  i)oinle<l  out  by  Schiil/.,  we  have 
observed  iu  a  number  of  instances.  With  anwslhcsia  there  maybe 
coldness  and  blucness  of  the  sexual  organs. 

Occa-sionally  the  anxslhesia  is  quite  profound,  and  as  a  rule  the  sex- 
ual weakness  is  in  proi>ortion  to  the  degree  of  the  anjcschesia. 

The  numbness  in  these  cafes  is  more  than  an  accidental  ass^^iciarion ; 
it  would  indeed  appear  as  if  it  were,  to  a  certain  extent,  a  cause ;  for  by 
the  application  of  the  ordinary  electric  bru&h  to  tlie  i>art&  in  the  same 
way  that  we  treat  any  case  of  local  anxslhesia,  the  numbness  is  often 
removed,  and  the  integrity  of  the  sexual  function  restored- 

Hyf^raslhesia  of  the  urethra  is  a  condition  tliat  is  sometimes  ob- 
served, especially  in  patients  otherwise  ner\'ons  and  irritable. 

In  the  worst  stages  there  may  be  atrophy  of  the  testicles  and  the 
peniii,  and  a  diinirnilion  uf  kmperalure  that  is  at  once  perceptible  to 
the  hand. 

Treatment. — In  the  consideration  of  the  various  degrees  of  impaired 
sexual  power,  the  question  at  once  arises,  What  are  the  indication*,  and 
how  are  thi.'se  indications  to  be  fulfilled  ?  In  the  milder  forms  of  inipo- 
tencc.  where  there  is  simply  premature  ejaculation  of  semen,  with  some 
diminution  of  the  power  of  erection,  as  wWl  in  the  more  advanced 
36 
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Stages,  where  the  desire  U  capricious  and  the  poarer  of  erection  pretty 
well  destroyed,  il  is  cx-idcnt  that  there  nitist  be  a  degree  of  paralysis  at 
the  root  of  the  disorder,  de|iendcnt  on  structuraJ  changes  in  the  nen'e- 
cenfrcs,  or  elbc  this  impaired  power  or  lone  in  the  muscles  and  erectile 
li»»uc  may  be  of  a  purely  local  character.  In  the  latter  case,  the  indi* 
cations  are  clearly  the  same  as  in  other  forms  of  local  paraU*sis,  and  bjr-i 
faradization  of  ihc  ischia-cavcmosttii  and  hult)0-cavemosiis  muscles 
much  may  be  accomplished.  In  recent  coses  of  impotence,  where 
there  is  considerable  power  remaining,  as  well  as  in  a  more  advanced 
stage,  where  Uie  power  is  approximately  lost,  we  nut  unfrcquendy 
5nd  that  the  seminal  secretion  is  markedly  reduced,  not  only  is 
quantity  but  quality ;  and,  reasoning  from  analogy,  it  would  seem 
ihit  in  such  cases  there  were  undoubted  indications  for  the  use  of  elec- 
tricity. 

The  galvanic  current  CGpedally  has  the  power  of  exciting  tn  increased 
activity  the  secretory  function  of  various  glands,  and  not  seldom  ac- 
celerates physiological  mucous  discbarges.  The  salivary  and  lachry- 
mal glands  ^*s  '*'*^''  ^s  '^<^  liver,  arc  susceptible  to  stimulation  by  elec- 
trization, and  it  is  undoubtedly  true  that  the  lacteal  secretion  has  been 
augmented  by  parsing  the  ctirrenl  through  the  breasts  of  nursing 
women.     (See  chapter  on  Nutrition  in  Electro- Plij-siology.) 

It  is  highly  probable,  then,  that  a  dcliciency  in  the  secretion  of  semen 
when  il  is  dependent  on  local  paralysis  or  exhaustion  of  the  nerves  con- 
trolling this  function,  and  not  on  pathological  changes  of  a  structural 
character,  may 'he  successfully  remedied  by  galvanizing  the  spermatic 
nerves  and  testicles.  We  cannot,  however,  in  all  cases,  depend  on 
local  treatment  alone.  Not  only  may  impotence  be  associated  with, 
but  it  may  result  wholly  from  disorders  of  a  general  character.  The 
exces»ve  use  of  sedative  narcotic  remedies,  sedentary  habits,  and  gen- 
eral malnutrition  from  any  cause,  lead  to  the  condition  under  consider 
ation.  and  demand  the  general  constitutional  tonic  influence  of  general 
faradization. 

The  vesicula;  seminales  and  the  testicles  may  be  affected,  and  in 
some  jjatienis  very  powerfully  and  sensibly,  when  one  of  the  poles  is 
applied  to  the  lower  part  of  the  spine,  and  the  otlicr  to  some  point  on 
the  thigh  or  against  the  perinarum.  A  very  good  way  to  affect  the 
male  reproductive  organs  is  to  apply  one  pole  firmly  against  the  peri- 
nseum,  and  the  other  upon  the  testicles. 

Faradiz.ation  of  the  genital  organs  sliould  not  usually  be  protracted 
longer  than  five  to  ten  mintiies ;  galvanization  from  two  to  eight  nitn- 
ntes.    The  faradtc  current  would  appear  to  be  preferable.    Impotence^ 
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liiie  MiaiDal  emissions,  may  sometimes  be  treated  bjr  connccitng  the 
5t^*l  sound  introduced  into  tite  urethra  with  one  of  the  poUs  of  thr 

farpdic  current,  thus  combining  the  toning  effect  of  pressure  with  thfl 
loiing  effect  of  electricity  on  the  relaxed  parts. 

Aspfrmatism. — Iropotence,  as  before  remarked,  may  man* 
tfeftt  itself  by  many  symptoms,  and  in  various  degrees ;  but 
there  is  one  phase  of  it  that  is,  we  believe,  not  very  com- 
mon. It  consists  in  an  inability  to  ejaculate  semen  while 
the  power  of  erection  remains  vigorous,  and  to  this  condi- 
tion the  term,  aspermatism,  was  first  proposed  by  Roubaud 
in  1855. 

Dr.  Wm.  H.  Van  Buren,  in  au  article  published  in  the 
New  York  Medical  Journal  ioT  November,  1868,  suggested 
that  the  difficulty  in  ejaculating  the  semen  was  caused  by  an 
exaggerated  spasmodic  contraction  of  the  muscular  fibres  of 
the  walls  of  the  ejaculatory  ducts,  leading  to  their  occlusion 
under  extreme  excitement.  On  tins  theory  it  would  seem 
that  the  indications  called  for  galvanization  of  the  cjacu- 
latory  ducts;  but  in  two  cases  that  have  come  under  our 
observation,  and  that  might  fairly  be  placed  under  the  head 
of  this  affection,  the  treatment  failed  to  afford  relief. 

Sftrmatorrhaa  csnaai/d  wUk  frc/cttHJ  mental  and  phyiUal dtfrtt' 
tiAtt — Rapid  reemitry  undtr  gtneral  and  Ucatittd  faradiEOlien  and 
<fHtraI  galva  miiali^M . 

Case  CXLIII.--Mr.  T .  b  jroath  tgcA  17,  came  wider  our  c«« 

April  lyl,  it(;3,  for  the  relief  of  ^permatoTThaHi  utodiied  with  pro- 
found  menial  and  physical  depression.  The  patient  was 
of  ■  faiglil/ nervous  organiialiun,  and  at  Iriliu  ted  [lii  tymp- 
tocn*  nuuni/  lo  the  rke  nf  nuitturhatian,  which  he  had 
practiwd  for  a  number  of  yvan.  The  musics  wcrt  in 
a  fla1)by  ccndiiim;  t>)ere  wtii  mniked  anwtnis,  and  hh 
Hrengih  hardly  permitted  }iiin  10  walk   tulf  a  iloicn  fii>~  hI. 

blocks  without  the  onset  of  a  parosyum  of  cardiac  pal-  Innjined  CAtheler  Eleetroik 
pttation  with  utter  exhaustion.      The  menial  facullies 

««re  weakened,  and  at  the  umc  lime  hbfccIingiiMrcTc  in  such*  condition  of  hypod)oik> 
driacal  dqnnaion  ttil  lie  tmuld  allow  no  hope  of  rccoi-ery  to  enter  hb  thoit^l. 
Enbaion*  of  lemen  oocunvd  regularly  two  or  throe  limes  &  week.  The  patient  wu 
'fmaedlatel^r  »nbtuitied  Co  general  (aradlcatlon  with  alternations  of  central  ealrait- 
faatioD  and  localiwd  faradiration.  At  the  end  of  a  month's  treatment  it  was  found 
ibal  thee  had  been  but  three  seminal  cmis&ioo^  and  during  the  last  two  weeki  nou 
■t  ilL  He  bad  become  decidedly  hopeful,  and  oould  exercite  both  mind  and  body  ta 
a  far  greater  extent  than  for  lix  months  before.  The  trcatmmt  wm  discontinued, 
ud  the  pAtiwt  left  the  c'.y  for  his  borne.     At  ia  the  luual  course  known  under  wmw 
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lar  coadilloM,  tlie  {mprovemeai  conl'inned  tinintCTroptedly,  and  bHbre  ibe  Uoa  td 
tlic  fumtner  a  perfect  recovery  was  complete. 

Sp€rmAtorTfhra  attoctatfii  wilk  extremt  nfrvaus  fxhawxthn  of  three  ye«r^  tUuti 
ing — improvtmtat  undrr  giturtti  faradimtii^n  and  central  gahranaali^m, 
Cavk  CXI.IV. — (1.  H,  W.,  It  yotint;  man,  agec!  iwenty-iiTe  yeao,  came  lomSep 
Ifinbcr  iQlh,  1871,  complaining  of  a  pcmstent  fpenoatorrhnKi,  aisodai«d  with  great 
phjtical  Mid  menial  Hcprvs^on.  Three  years  before,  he  first  obanved  ■  decided 
weoknee  of  ttie  e:.e^icUt,  iu;:et1ier  with  ocouional  noclumal  embHoni  of  sonen.  It 
slxMild  be  ttn'.cd  that  [lickc  sj-mptoms  Lmmcvliotcly  followed  &  fcvcre  alladc  of  inflsni- 
nution  of  ihc  bowels,  vrith  cn1ar];em«nls  of  ihc  mesenteric  glondi.  All  his  life  he  had) 
indulgeil  iit  mojiturbtilion  la  a  conv<^cnitiile  cxtetil.  !{»  nervotn  ^Icm  had  been  W 
KOmpietely  up«et  thai  for  three  yean  he  hod  lieen  anable  lo  «tiidy  or  to  work,  aitd  «■ 
meilicatioii  and  the  influence  of  travel  and  chitngc  had  failed  (o  benefit  htm,  he  hefpoi 
to  d^pair  of  recovery,  aiid  became  tenfold  niMre  devpondeni,  and  «ru  *o  reduced 
phyxically  thnt  he  was  unable  to  walk  nioic  than  t«-»  or  three  »]i'»t  blocVa  without  % 
vsax  of  utter  exhaustion  and  a  Borcncss  and  "  drswint;  down  "  in  the  abdomen  that 
WW  thsoluicly  painfut.  Seminal  emiMions  occurred  almost  every  night,  and  added  | 
immensely  to  hi»  miw^-,  both  mental  and  phyt.ical.  At  an  evidence  of  the  excet> : 
HTcly  lensilux  condilion  of  the  ccnirni  nervout  system,  it  may  \tK  stated  thai  a  fandiej 
corrcnt  of  moJciate  strength  a()pticd  lo  the  »»crurn  and  InrnW  re{;M>a  prt>diM.-ed  by  ra- 
Bex  ai:ttun  a  deciileJ  tingling  leiuattoa  in  wveral  remnte  port*,  and  especially  on  tbe 
crown  of  ihc  head.  The  patient  wai  lubmitlcfl  tp  general  faradization,  and  under 
iIk  intiuencc  of  a  doien  application;  improved  considerably  in  slicnii^li  of  mind  and 
body.  Sub«ei|uentty  many  similar  applicaliun*  accompllihctl  nothing  more  for  him. 
(jalvanintton  of  ilie  brain,  sympathetic,  and  spinal  cord  was  then  resorted  [o.  A 
MW  impetus  wemcd  to  be  immcdialcly  imparled.  The  cmiHiori.  became  lc*a  fteqoeni, 
and  finally  occurred  lO  .'icli^om  as  to  occuion  little  remark.  The  |x>\rcr  of  conlinuoui 
thou^rht  relBmal,  and  at  the  end  of  anolhcr  month,  be  left  u  apparently  reco\'erad. 

Faihirt  ff  iht  texual  f*9ieer  and  tftrmxItrrMa*  att^aied  vulk  kyfit^Aondriat^;- 
/fernviy  undfr  {fntrai  gatvamUatUn  and  lacatiud faraJiiati^ti. 

Care  CXLV. — Mr. came  to  us  by  the  advice  of  Dr.  John  Byrne,     For  »ev- 

eral  years  he  hnd  l>een  alTected  vrithan  eicce«<iw  irritabiUty  of  the  i^nita)  o>£an\ 
A  conKquence  of  which  he  had  l>ccome  both  phys'cdly  and  tncnially  deprcMcd,  In- 
voluntnry  ejaculationf  of  senten  were  freqBtttt,  and  occurred  generally  durini;  sleep  ai 
ni^hl,  while  the  ability  to  jvcrform  satidactorily  the  act  of  coition  teemed  almost 
inert. 

The  patient  wa>  Irealed  by  central  galvnniaatlon  and  by  farsdtsalion  locsUwd 
directly  through  the  genital  apparaias. 

T!>e  benefioinl  reulti  of  llie  treatment  were  soon  most  decidedly  manlfeucd.  Tbe 
involuntary  emWiuiit  ccn^cd  in  the  course  of  a  month  almost  entirely,  and  the  wanal 
power  returned  in  AiU  force.  As  a  natural  reuili,  the  mental  b.ilAnce  was  rejtorcd 
and  the  patient  left  ns  c^ite  hopefal  nnd  happy. 

Cpmgemiia!  imfetntct,  wi/A  /**  tixttal  inttitut  nnimfiairtj—i^^  imfirnvmnit. 
Cash  CXLVI.— A  very  inter«»tiae  cate  of  oonccnital  Impotcnco  fdl  Boderoui 
obtervatiob  in  Fcbniaij,  1872. 
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Tlie  patient  wat  a  yciung  man  *s»l  30,  and  ^llhough  lh«  wnul  instinct  vtas  falljr 
developed,  and  a  itruni*  feeling  of  i«.<iual  Oe>ire  had  beea  inaaire«(pl  from  hU  citliot 
tnuihood,  yet  he  had  ocvcr  31  tiny  lime  bcca  able  hy  uti^dal  meojit  to  excite  any 
oTg&m,  or  the  stliehtut  ejacubiion  of  !>'-i»ca. 

Actual  intcrconnc had  never  been  attempted. 

He  vnu  ■ubjei.-t  to  occasional  Roclui-ual  eminionx,  tbnt  were  accompanied:,  however, 
by  no  p]ca»ur»bic  scnialioiui.  Strmlurally  the  p*il*  fcecinf\l,to  i*e  in  every  way  per- 
fect, and  the  fiiult  uiiiioubtedly  Uy  m  miiuc  uriijuiat  tiupccfcct  condition  of  thenervoiu 
wpply. 

No  benefit  wu  deilved  (lom  tieatmeat. 

A/mojt  fomplett  imfiJotft  in  a  fintieut  ageJ  ^%—Ptr/at  rKovtry  itttder  toealiud 

/aradiuUioH  and  galvamiiAliett  of  tht  sfiine  and  symfatkitie. 

CasbCXLVIL^Mt   X.,  siii^cA  nhnut  45,  nrtu  directed  lou^liy  Dr.  Jamci  Amler- 

■on,  in  the  !-i>iiiini»f  1S72.  Tlie  |>«tiei>t  w»l*  it  slout,  vij{(irou«riuin,»n()  llie  father  of 

tevef^  cliildrcn,  but  for  «ome  yeuv  he  hnd  ulnetved  .-t  i;r.vliinl  but  decided  dcccc>*c  of 

texLuJ  power,  and  at  the  date  of  kit  npplicaiKiii  for  ircaltnimt  he  jwsctted  thai  be  «'ai 

I  almost  completely  impoCcnL     We  submitted  him  on  alternate  daji  to  localtfcd  faia- 

[diaUion  and  galvaniution  of  the  lower  [portion  of  tlie  cord,  and  occ&uonally  eiteudcd 

ihe  golvaniuiinn  to  the  neck  in  order  Co  bring  more  or  Icsft  completely  umlcr  tlie  in- 

[Suencc  of  the  currcril  the  »yni}.ialhctic^>tlcm,     This  method  wia  faithfully  fulluwnl 

■Mil  for  Kioie  six  weehn.      Week  by  week  the  (Ktlienl  obiervetl  incrcuing  Kxual  capa- 

tdty,  and  at  the  c1o<«  of  the  trcACment,  when  he  dcpartwl  for  Europe,  he  claimed  to 

tportCKs  perfect  vKual  vigor. 

He  has  iufTered  to  tbU  date,  1S74,  no  relapie. 

DimiHHtioH  n/firwtr  o/frutUm  in  a  married  mam  in  Ifu ^imt pf  Uf^^Ct^^alagia 
and  dtbilily — Rtan-rry  under  gtnerai  JarAdhation, 

CA4&  CXI.VIII. — Mr.  -^,  a  mcrt-h.tnt  in  the  prime  of  life,  and  to  all  appear' 
anoe%  enjoying  cxccllcni  hexllh,  consulted  us  for  ina.bility  lo  perfuTm  utl^actorily  tlie 
aict  of  iKittiou,  Thii  inability  did  not  involve  an  ab«cnce  of  texnal  detirv,  but  umply 
■  want  of  power  tn  obtain  and  retain  on  erection.  Tliii  gentleman  had  a  family  of 
bcveral  children,  and  aince  hi%  marriaj^,  many  )'ean  before.  Iwd  led,  acconlbg  to  hit 
■tatement,  a  currect  and  rctiular  life.  He  attributed  thu  premature  decline  to  eariy 
cxccvjte  ind^I^cnce  and  abuse  uf  the  generative  function.  Hii  outward  appearance 
i^dicd  hitgcncrnl  condition,  for  he  wfrercd  much  from  headache,  and  oftcntunes,  on 
fviain^  in  the  morning,  fruin  conuderahlc  enervation. 

General  cleclriialiun  wa.^  decided  un  and  |[iven,  together  with  local  aj>pIicatioo& 

He  continued  treatment  fur  three  we«l(«,  Eecciving  aji  apjilicatjon  every  oihcf  day. 

The  retail  wa*  entirely  ulitfa^tory.     Ili«i;cncr^  condition  wu  m  much  improved, 

■nd  the  \igor  of  hit  MxuaX  organi  wa»  to  muvh  iocrenwd,  that  he  waa  enabled  to 

E>CompUte  the  marital  act  aa  uti^factority  a.i  in  his  youth. 

imf^entt  of  ts!i>4nty  yion'  itunding  taustd  hy  total  paralyjii — Numlfuti  and  sctd^ 
mtii  cf  tkt  pa^tt — Dtfieitnt  filter  ef  trutian — SHgMi  lemiHoi  itrrttwn — A'e  iitf 
frwtmtni  Mtdtr gatvamtaiun  and faradiiaii*m. 

Ca£I  CXLIX.— Mr. .  aeed44,  was  sent  by  Dr.  Jerome  Smith  to  be  treated 

[  tnr  impoieoce  of  oeariy  twenty  yean'  Handing.  When  but  l^  yeais  old  he  contracted 
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fpaarAa^  «nd  tt  The  age  of  25  wu  attaclced  by  ^hilis.  At  that  lime  he  l«d  ■ 
very  tijuipaied  Kf«,  and  no  saantT  wu  in  attack  of  this  (lipase  sf^reotly  cured  ilian 
he  forthwith  tohj^tcd  himtcir  to  another.  During  the  lut  attack  ibe  solid  c*datic  IimI 
been  in tiixluccd  into  tlic  urct1ir<t.  lliis  cautcitealion  produced  excnsivc  inflamnM* 
lion  and  pain,  and  wai  followed  by  cumplclc  jmputaicc,  awucialcd  wicb  a  feeling  oE 
numbness  and  coldnew  in  the  ]>eiii<!.  Me  had  tcttcd  nearly  all  teniedio^  and  at  oiw 
litue,  by  the  odvln  or  Dr.  Brown-Siquard,  he  had  lued  hoi  and  cotd  douches  but 
all  viihout  avail.  Wliai  he  came  to  m  the  penii  was  quite  oold,  aiKl  bmcIi  beloi* 
the  natural  mic  Erection  waa  occasionally  potsible,  but  he  wai  never  able  to  ac- 
complish the  marital  act.  The  testes  were  of  an  almost  nainral  size,  and  when  the 
pcnii  u-ai  arlifidally  cxcilcd,  a  ttnall  unonnt  of  Mincn  would  appear.  The  penia 
was  apparently  gKiriljucd,  and  the  impotence  ww  majiireKlIj  due  to  that  cause  more 
than'to  the  warn  of  seminal  secretion.  The  paiteni  was  a  stout,  hardy,  viijoiout 
nun,  of  a  full  habil,  and  quite  a  ftee  lirer ;  and  iidilier  in  his  cMUilensaoc  nor 
in  hii  gericni  bc&cuig  betrayed  ihc  Elishiesi  efTcctt  or  even  conKtowocM  of  hit 
afilrctioD. 

Four  applications  of  the  faradic  current  were  i;ivcn,  w4th  the  effect  of  teo^Mrariljr 
Inoeuing  the  wnrnith  of  the  pcni.%  and  nothing  more.  The  galvajitc  cnaent 
wt*  ihca  Ciicil  It  increased  tlic  circulation  in  the  penis,  and  consoqucoUy  bciglii* 
cncd  the  temperjluie  more  than  the  fantdic  current,  but  qu  pcduaiicnt  lienefit 
resulted.  Our  juiicnt  then  diKconlinued  itic  treatmcni,  owing  lo  the  prnRure  of 
hill  burincss  cnipgeineniii  Ho  would  have  perseverc^I,  however,  if  we  had  fdt  war- 
ranted  in  holding  out  reasonabtc  chances  of  a  succe^ul  re^t  from  a  long  cour^  of 
dcctrieuion. 

PrtmalHtt  dinkargt  amJ  Jt/ttient  sterttion  0/  temen,  tmited  fy  txttumt  sexwi 
iudul^CKt — Reentry uHiierrxternal  attd imternat gaiva»uaii9M  and Jofajiiathil 
eemhiniii  xaitk  mediial  trtatm€rU. 

Cask  CL. — Mr. -,  aged  27,  formerly  a  gymnast,  and  Utterly  a  iirinter,  con- 

nilted  us  in  May,  1870,  forsesiial  weakness  brought  on  by  abu&c  of  the of]gaiu.  Tbn 
(Jischirge  vros  premature,  ami  with  Icm  excitement  than  usual,  and  iheic  truinuuii- 
fest  delicicucy  of  i^ccrclion.  TFie  patient  was  cKCVcdingly  muscular,  and  bit  general 
health  was  alnioit  pcifect.  tut  that  reawn  only  local  iTeaiment  ua.;  emploj-cd. 
The  organs  were  faraJiaed  in  the  variuiu  methods  twice  a  wcdc,  and  once  a  wreck 
interna)  galvaniiation  was  employed,  the  mclAllic  extremity  uf  the  catheter  dectrod* 
being  directed  as  ucir  as  po^aible  to  the  orifices  of  the  eiacnlalory  dacts.  At  the 
nmc  time  the  patient  wu  dircclctl  to  take  a  mixture  of  bromide  of  potasuum  and 
wine  of  cigoi.  Under  this  combined  IreMinciii  the  recovery  w«3  complete  in  twen- 
ty-five npplicattoiUL 

During  Iht  laUer  part »/  the  trtalmtnt  tA* patient  oiterved,  during  ttxuat  inter- 
touritf  a  very  great  tHeretue  in  the  quaHiity  0/  semen  diicharged. 

Diseases  of  the  Bladder. — The  disca.-scs  of  tlic  bladder  for  which  elec- 
trization is  chiefly  employed  arc  imatUineitee  of  urine  dinA  paraJysit. 

Incontincnci;  of  urine  depends  on  an  irriuble  conditton  of  the  neck 
of  the  bladder.  While  it  largely  sympathizes  with  other  diseases  and 
the  gercral  health,  bein^  frciiucntly  associated  with  hysteria  and  S|>inal 
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irritation,  it  is  yet  oftentimes  a  purely  local  affection.  There  are  vari- 
ous grades  of  the  disease,  &oai  simple  irritability  that  makes  it  oeces- 
sary  to  pass  the  water  wiLh  unusual  frequency,  to  utter  inability  to  sleep 
through  the  night  without  unconsciously  *'  wetting  the  bed."  The  for- 
mer condition  exists  mostly  in  adults — especially  in  the  hysterical  and 
the  aged ;  the  tatter  is  peculiar  to  the  period  of  childhood.  It  is  pro- 
bable that  the  pathological  condition  in  children  who  nightly  void  their 
urine  in  bt:di  is  not  necessarily  worse  than  that  in  adults  who  only  com- 
plain of  being  obliged  to  past  tlie  water  witli  abuoniial  frequency.  The 
unpleasant  results  in  children  are  due  to  their  profound  »k-ep  or  deli* 
cicnt  self-control.  That  the  pathological  condition  in  cliildrcn  is  not 
always  of  an  important  character  Is  proved  by  the  fact  that  it  sometime! 
yields  to  purely  moral  inlliicnces. 

In  the  treatment  of  incontinence  of  urine,  both  external  and  inter- 
nal applications  may  be  used.  In  the 
majority  of  ca^es  the  internal  applica- 
tions by  means  of  the  catheter  electrode 
(p.  567)  ate  not  required.  It  Is  needles* 
to  say  that  in  young  children  the  intro- 
duction of  the  catheter  electrode  is  at- 
tended vith  difiicidty.  The  treatment 
we  prefer  is  faradization  with  strong  cur- 
rents through  the  neck  of  llie  bladder. 
In  mates  one  pole  maybe  placed  over 
(he  symphysis  pubis,  and  the  other  at  the 
pcrinainm  ;  in  females  one  pole  may  be 
applied  over  the  symphysis  pubis  and  the 
other  at  the  loner  part  of  the  sacrum. 
Cases  associated  with  hysteria,  or  de- 
jiendenl  on  spinal  disease,  need  central 
and  general  clcclrixation. 

Prognosis. — The  prognosis  of  young 
and  recent  cases  is  usually  good.  Long- 
standing cases  also  yield,  but  need  cor- 
respondingly longer  treatment,  and  arc 
liable  to  relapse.  Cases  complicated  with 
constitutional  or  central  disease,  which 
are,  of  course,  mostly  found  in  adults, 
have  either  a  favorable  or  unfavorable 
prognosis,  according  to  the  nature  of  the  „^^,^j^  v^'eSot  or  Et«. 


CLOSKD. 


OPUI. 


malady  with  which  they  arc  complicated. 


iroJe  nhichanM), 


SOS  DISEASES   OF  THE  GE.VITO-URINARY-ORGANS. 

Paresis  *  and  Paralyiis. — Paresis  and  )»ralysis  of  the  bladder  so 

frequently  depend  on  incurable  diseases  of  tlit  spine,  thai  the  prog 
nosis  is,  as  a  luLe,  unfavorable  as  regards  a  cumj^lcte  cure.  Relief  and 
improvement,  even  in  very  bad  c»ses,  may  be  gained  by  faittiful  treat- 
ment, but  entire  recoveries  arc  exceptional. 

The  treatment  should  be  external  and  interna],  with  both  the  galvanic 
and  faradic  currentu,  combine^]  with  ceulral  galvanization. 

£AV^fftf/ applications  may  be  mode,  placing  one  pole,  the  negative, 
over  the  symphysis  pubi&,  and  the  other  on  the  back,  or  at  the  nape  of 
the  neck,  and  passing  very  strong  faradic  currents  with  interruptions. 

/n/fr/«r/ applications  may  be  made  cither  with  the  insulated  catheter 
electrode,  or  with  Duchcnnc's  double  vesical  electrode  (Kig.  129)- 

The  catheter  electrode  may  be  connected  with  the  negative  pole 
while  the  i>Qsilivc  is  at  the  hypogastnc  region  or  back.  Wy  means  of  the 
double  exciter  of  Duchenne  the  current  can  be  ujore  exclusively  local- 
ized in  the  muscles  of  the  bladder  tlian  by  any  other  method. 

GoH0rrhixa.~~\\  would  not  be  unreasonable  to  ^upiMise  that  gooor- 
rhoea  in  it$  subacute  stage  might  be  treated  by  electrixation  with  at 
least  as  satisfactory  results  as  subacute  inflammations  of  the  mucoits 
membrane. 

We  have  had  opportunity  to  test  faradization  in  three  cases  of  gonor- 
rha:a  while  tlie  indanintation  was  in  quite  acute  stages. 

CfHorrhaA —  Temfortay  increoif  of  ttcrtti^n  unJtr  /araditatiim — ffftvvfry, 
Casb  CLI.— a  gentleman  requested  ni  lo  try  on  him  clevlrical  licattnctiL  fvr  an 

tillock  of  gonncrhixa  thul  lie  h>d  reoentty  conlracted.     We  cunvenlcd  lo  do  va,  with 

the  tmdeiuandiiig  that  tli«  Ueattnent  ihould  \x  curinileteU  st  expcrlmCBtal,  tBajtmoch 

u  we  IikI  ttetued  but  one  cue  oi  guaurrtiora  hy  electricity. 

We  empliywl  loi-al  external  raruttinlioQ  through  the  penis,  without  regird  lo  the 

direction  vT  the  current.     After  four  ftpplicaliona  be  icprc&entetl  ihftt  be  was  cured. 

In  ibifii  as  in  auuiber  ciise.  there  wu  some  temporary  increve  of  the  iirttlir«]  iwcte> 

lion  after  the  first  two  application). 

These  cases  may  be  taken  for  what  Ihey  are  worth ;  Ihey  are  the 
only  cases  of  the  kind  in  which  we  have  ever  attempted  electrical 
treatment. 

Chronic  urethris  {gleet)  we  have  treated  by  mild  galvaniiation  with 
the  catheter  electrode  and  sounds,  and  with  encouraging  results. 
Electricity  thus  used  acts  well  as  an  adjuvant  to  the  other  treatment, 
just  as  in  catarrh  of  the  nose,  granular  lids,  chronic  indamutation  of  the 
middle  ear,  and  analogous  conditions. 

*  Frgiin  iropevit,  exbaurtioB, 
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SypniUs. — ^The  severe  pains  of  secundary  syphilis  aje  to  2  certain 
extent  rclievable  by  general  and  localized  faradization,  as  we  have  de- 
monstrated in  a  few  instances ;  concerning  the  peniuncncy  of  thcil 
cfftxts  we  iuve  as  yet  no  positive  evidence. 

(For  the  treatment  of  syphiUiic  ulcers,  see  UUtrs.) 

Buboes  nuiy  be  diiiciiiised  by  external  faiailizotion,  and  have  been 
so  treated  by  Hassen&tein.*     Chovstek  has  used  galvanization. 

OrchUii. — The  electric  trcatmeut  of  orchitis  has  been  particularly 
studied  by  Drs.  Jules  Chiron  and  Morcau.Wolf.f 

They  give  the  results  of  the  treatment  in  nine  siicces^rul  cases. 
Their  method  of  treatment  was  to  direct  a  galvanic  current  from  leti 
to  twenty-four  cells  of  Kemak,  through  the  tunioi,  from  two  tu  eight 
tniniitea.  Sometimes  the  positive  pole  was  placed  on  the  most  pain- 
ful i*uiiil  of  the  swelling,  and  Uie  negative  ou  the  spermatic  coid.  The 
authors  regard  the  ascending  current  (up  the  cordj  more  etfeclive  than 
the  desceitding. 

Mo»t  of  their  cases  were  cured  by  a  few  (from  four  to  ten)  applications. 

TI1C  great  advantage  which  the  aulhors  claim  for  this  method  of 
treatment  in  orchitis  is,  that  the  patient  is  net  obliged  to  suspend  his 
daily  duties,  sinee  absolute  refose  is  not  tueessary, 

Ckrvnk  wthUit  ef  ux  m^itthif  il-.\n4ii*g  in  a  lyphililie  fatieut — AfifiraxiMO/t  rt- 
nvtry  uadrr  external  galvamuilion  aiui /aradstatwu. 
CAXSCLri, — Mr  W.,  aged  18,  cansultol  us  in  October,  1S70,  for  nil  cnlUr|{«> 
menl  of  tlu  led  tnttdo  that  h*d  trouhlctl  liim  for  bx  monihi.  It  w»  kbout  (vice  (he 
Kte  of  the  (iifhi  tcuicle.  Tbere  wu  00  paiii,  but  a.  conMani  whm:  uf  weight-  The 
patk-nl  «u  luOeilng  from  tecondxry  %y|iUilis  a»<l  had,  ia  limes  pasl,  repeatedly  expe- 
rkDccd  at  locks  of  goaoirhaa.  Stable  gilvanuatiou  with  a  current  thit  m-u  com- 
fortsbly  t>ome  was  employed  (or  Ion  minutCB,  tlw  poiillve  pule  heing  applied  arer  the 
tesllele  u  dinerent  points,  ind  tlie  negative  pote  over  the  tpcmmik  cord.  Tlie  pAllcnt 
Rated  that  the  truicle  fdt  lew  diMgieeable.  In  (wo  da/i  chdc  m-as  an  aj^pareitt 
dimiiiuliou  in  wk.  Tltrec  more  uuilar  appUcalluiu  and  one  faradmttKin  produoed 
an  almost  complete  tccorcry. 


Enlargement  of  the  Prostate. — The  electrical  treatment  of  hyper- 
trophy of  the  prostate  has  been  studied  by  Triprer.J  who  has  demon- 
strated that  (he  effect  of  fanKlizatiun  of  this  organ  when  enlarged  is  to 
cause  resclulion.  l*he  rationale  of  the  treatment  is  substantially  the 
same  as  for  analogous  conditigns  of  the  uterus.     The  subject  is  one 

*  CIwmisch*Elecut«che  Heilwerk«,  Leipug,  1S53, 

f  Do  Traitetaeit  del'Orchiie,  par  I'applicatioa   Ics  courants  couCtnus  constant^ 
Paris,  i»9. 
(  Maunel  d*£lKtro(li^rapie,  p,  567. 
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that  deserves  investigation  Either  the  galvanic  or  the  iaradic  cofrent 
may  be  employed.  One  pole  may  l>e  applied  internally  by  means  of 
an  insulated  catheter  electrode  or  sound,  and  the  other  in  the  rectum 
against  the  prostate,  by  moans  of  a  rectal  electrode.  We  have  treated 
one  cose  of  enlarged  prostate  by  iQlemil  and  externa)  faradization. 
The  patient,  a  medical  gentleman  about  sixty  yean  of  age,  was  seen  and 
examines]  by  Dr.  Goulcy,  who  conhrmed  the  diagnosis  of  enlarged  pros* 
t.ite.  We  treated  him  a  number  of  times  by  external  firadizanon— 
one  pole  on  the  symphysis  pubis  and  the  other  on  the  periniGum — and  by 
internal  faradization,  one  pole  in  the  rectum — ^insulated  except  at  the 
jioint  where  it  came  near  the  prostate — and  the  connection  made  in  the 
prostatic  portion  of  the  ureUiia,  by  a  dexible  sound,  passed  ilyough  a 
gum  clastic  catheter,  according  to  the  suggestion  of  Dr.  Gouley.  Applied 
in  this  way  the  electrodes  were  very  near  to  ejtch  other  and  in  sensitive 
localities,  and  only  very  feebU  currents  eauhl  be  barne,  and  sometimes 
slight  hemorrhage  followed  the  treatment  in  spite  of  all  the  caution  that 
was  exercised.  It  was  found  impossible  to  use  sufliciently  strong  cur< 
rents  by  this  mclliod  to  produce  any  effect,  and  again  we  returned  lo 
partly  external  faradiiatiou.  This  trcaUnent,  which  seemed  to  aggravate 
a  cystitis  that  existed,  was  abandoned. 

Dr.  Mictendoif,  of  this  citj',  informs  us  that  he  has  obtained  decided 
results  in  enlargement  of  the  prostate,  in  two  cases.  He  used  externa] 
taradizacton— one  poie  over  the  symphysis  pubis  and  the  other  at  the 
pcrinjeum. 

Diseases  vf  the  Rtetum. — Electrization  has  been  used  tox prctapsut 
ant,  paralysis  of  the  spkincler^  and  hemorrhoids. 

The  current  can  be  very  well  localized  in  the  rectum  by  means  of  a 
rectal  electrode  (see  p.  531),  which  may  or  may  not  be  partly  insu- 
lated. The  rectum  is  but  little  sensitive,  and  will  bear  strong  cur- 
rents. The  rectum  may  also  be  treated  by  a  double  rectal  exciter, 
analogous  to  that  which  is  used  in  the  bladder.  When  a  single  electrode 
is  used,  one  of  the  poles  should  be  placed  on  the  spine. 

/Vo^Hw/j.— Paralyses  of  the  sphincter  that  depend  on  local  disease, 
like  paralysis  of  the  bladder  depending  on  the  same  cause,  rarely  offer 
a  perfectly  favorable  prognosis. 

In  prolapsus  am  Ueiiedikt  •  claims  a  few  mostly  good  result*.  We 
have  treated  one  long-standing  case  without  benefit. 

Hemorrhoids. — Piles,  external  and  internal,  may  be  treated  by  both 
airrents  .applied  internally.  Relief  of  itching,  pain,  and  pennanent  im- 
provemeat  in  the  tone  of  the  parts  are  derived  from  this  treatment 

*  Op.  dt.,  pt  4S1. 
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The  disease  of  the  laiynx,  for  whicli  electrization  has  been  almost 
exclusively  used,  is  aphonia,  a  condiLion  which  arises  from  3jany  morbid 
states. 

Anamia  and  Iiifiammatien. — External  electrization  of  the  tliroal  is  of 
service  as  an  adjunct  in  the  treatment  of  inflamed  and  irritable  con- 
ditions of  tiie  larynx,  but  only  in  rare  cases  has  it  been  thus  cni[)loycd. 
We  have  found  that  faradisation  of  the  neck,  for  from  two  to  five 
minutes,  has  au  appreciable  and  agreeable  effect  in  diminisliing  the 
irritation  produced  by  cauterization,  and  whrn  continued  exerts  a  tonic 
influence  on  the  organ.  In  cases  of  diseases  of  the  larynx,  connected 
with  hysteria  or  anaimia,  the  local  treatment  is  materially  aided  by 
general  faradization. 

Subacute  and  chronic  InflatDmations  of  the  pharynx  are  also  treated 
with  some  success  in  die  same  way,  and  on  the  same  principles. 

Mftkod  of  Exttrnal  EUttrhation. — ^The  larynx  may  be  electrized  ex- 
ternally by  various  positions  of  the  electrodes.  One  pole  maybe  placed 
It  the  back  of  Ihe  neck  and  the  other  just  above  the  manubrium  slemi, 
or  the  poles  may  be  pressed  against  Ihe  larj'nx  by  the  inner  border  of 
the  sterno-cleido-masioid  nuiscle,  or  one  of  the  poles  may  be  in  tlie 
hand  of  the  patient.  These  methods  arc  best  adapted  for  the  pur- 
looses  of  producing  a  sedative  or  tonic  effect  on  the  inflamed  and  iirita- 
ted  membranes.  We  have  frequently  used  this  trealmenl,  for  about 
five  minutes  after  the  application  to  the  larynx  of  irritating  caustics, 
with  satisfactory  results.  'Ilicre  Is  no  cjuestion  thac  the  faradic  current, 
employed  perscveringty  by  these  methods,  and  in  cases  of  anemia  and 
general  debility,  by  general  electrization,  will  alone  accomplish  some- 
thing in  aniemia,  subacute  inflammations,  and  nervous  debility  of  the 
larynx. 

Aphonia. — ^Tliere  are  few  local  disorders  that  yield  more  uniformly  or 
readily  to  any  method  of  treatment  than  aphonia  to  electrization.  In 
jrdet,  however,  to  form  a  correct  idea  of  its  value  in  lhe»e  ca«e«,  or  to 
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intcllijjcntly  commuoicate  the  results  of  electrical  treatment,  it  b  neces- 
sary to  have  not  only  a  knowledge  of  the  jjcneral  nature  of  the  disease 
but  to  a{>precia,te,  so  far  as  possible,  the  exact  jiathological  condition 
uf  each  iiulividual  case.  Above  all,  it  is  ncccs&ary  lu  decide  wbeiher 
the  symptom  is  of  an  organic  or  of  the  &o-called  functional  character. 
Atatkeiuic,  who  has  had  an  extended  ex;jcrlcucc  in  nervous  aflecuons 
of  the  iarynx,  aiiiJ  ihcir  IrcatmenI  by  electmaiioii  and  otherwise,  adopts 
the  following  nomenclature  of  the  paralyses  of  the  muscles  acting  OD 
the  vocal  cords  :  • 

I.  BitAicralpualygsoftheailduclorB. 

a.  Unilateral  psralysis  of  tbe  aildiiclon, 
_  3.  BilatcRtl  paralysU  of  ttic  abductors 

4.  Unilftleral  paralj-sia  of  an  abductor. 

J.   PairalysJaof  ihc  Iciisurx 

6.  Panijr^a  of  the  Luors, 

Thejfrtt  of  tbc  above-mentioned  puholoficat  conditions  of  apbonla.  b  ntppovd  to 
riepcnd  moM  fK<]Bently  upon  hynau  mnd  debUUy,  and  readily  vieklt  to  tFeatmeitt. 
In  tl)c<e  cues,  however,  which  ore  too  ftetjiicnily  but  thclocAluuuiircsiuionof  a  coa- 
■litulional  duonlcr,  it  b&s  been  our  custom  lo  icly  oa  gcocral  u  well  as  localized 
elcctitialian. 

Cent  t&l  difficulty  ti  Tardy  a  cttUM  of  bilateral  poraljriui  of  the  adductors,  but  h  iit  not 
nnccmmon  in  certain  ulagen  of  |ililhi»i.  In  37  ctues  of  pliihi«is,' examined  by  MacVen- 
rie,  il  which  ihc  voice  was  aSecteil,  he  found  that  111  26  th«c  was  thickening  or  con- 
gcsiioii  of  the  mucous  inembraiie  of  the  br)'ux,  while  iii  11  tUe  afliectiuii  voa  parcly 
functtoiul.  A]}h:jnta,  tlicii,  coexi^ttiitf  with  piUuonary  tuberculooi^  may  ofico  be 
readily  tclicicd  iiy  local  trcatmcnl  ftlonc. 

Hyileria  aiid  di;bility  aic  not  sci  frequently  the  cau3c  of  luiilaleral  jMndysb  of  ihe 
odtLiicton  ax  of  the  fii it- named  coadttioii.  Tliii  lecond  cau>c  of  aphonU,  however, 
niay  be  due  not  onLy  [1^  phihi«it,  but  to  touccnic  poi«>ining,  to  >yphilit,  to  col<l,  to 
iiiuKidar  uiain,  and  nen  10  ccreliraJ  diMaw.  We  would  naturally  infer  thu  ibis 
form  ofajilionia  would  be  more  peruaienc  ihoa  the  fintt-oamed. 

Clinical  cxpcrtenoe  liiu  conTirined  ihh  inference. 

Silatcral  pArAlytis  of  the  abcluctore  of  the  vocal  cords  has,  nnforlunaioly,  for  its 
emulation,  in  the  majority  of  cases,  some  central  diliicnlCy. 

Tbc  |irognohis  u  of  course  most  serious,  but  fortunately  ihts  condition  Is  very  nuely 
met  with.  Unilateral  pnralyM*  oF  nn  atiilnctor,  allhoLigh  depending  on  the  uune  gen> 
eral  cause  as  the  tnlatcral  form,  yet,  more  ftequcnily  llian  \he  last-named,  it  is  cKcited 
t»y  M>mc  pcrifJictal  irrilaliou,  as  presfeurc  on  the  piiciimu)(iislnc  nerve,  or  upon  on« 
recurrent  nerve,  by  on  aneurism  uf  Ihe  aich  of  the  aorta.  The  jaogpoiu  in  ibcfc 
casc3  i%  alsM  unfavorable. 

Paraly&is  of  the  tcawrs  and  Uxors  (both  the  bilateral  and  unilateral  fom)  are  »{>• 
poKtl  Co  result,  in  the  tnajority  of  cases,  from  a  too  prolonged  or  Tiotent  use  of  the 
voice.     Both  are  tiid  to  be  qnite  amenalilc  to  trcatmeni. 

*  On  the  Laryiii^irope,  etc.,  p.  1S3.  .-VI>o  Hoariencu,  Lout  of  Voice,  and  SttkV 
aloui  Breathing,  i«  Relation  to  Ncivo* Muscular  AtToclions  of  the  LarynK.  1S6& 
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Spasm  of  the  muscles  concrolling  the  vocal  cords  is  an  additional 
cause  of  a,phonix 

Treaimeni. — Mackenzie's  method  is  to  make  the  appUcalion  directly 
to  the  cords  by  means  of  laryngcaJ  cicctrodes  (p.  632)  devised  by  him. 
He  uses  the  faradic  current. 

The  direct  application  of  electricity  to  the  vocal  cords  is  undoubtedly 
more  efficacious  in  restoring  I053  of  voice  than  simple  external  appli- 
cation. This  latter  method  is,  however,  underrated  when  it  is  said  that 
it  "  seidom  reslores  the  voice  when  it  has  been  lost  any  length  of  liuie." 
Several  cases  tliat  we  have  treated  at  various  times  illustrate  very  deci- 
dedly the  beneficia)  reMiU.«  tha.t  may  follow  external  applications,  even  in 
cases  where  the  disorder  has  persisted  several  months.  We  arc  the 
more  gratified  to  be  able  to  ni.ikc  this  statement  from  the  fact  that  the 
external  is  much  more  readily  performed  by  the  operalorthan  the  inter- 
nal application,  and  is  far  more  agreeable  to  the  patient.  It  is  far  better 
at  first,  in  all  ordinary  cases,  to  make  use  of  tlie  external  method  ;  and  if 
it  does  no:  succeed,  it  is  time  enough  to  resort  to  the  direct  application. 
The  instrument  of  Mackcniie  is  thus  described  in  his  own  woi-ds  : 

"  It  consists  of  (wo  parts,  viz.,  the  necklet,  which  the  patient  wears, 
and  to  which  one  chain  of  the  battery  is  attached,  and  the  laryngeal 
electrode  itself,  which  is  connected  with  the  other  conductor,  Tile 
elec[ro<le  is  so  constructed  (see  cut}  that  the  current  does  not  pass 
beyond  a  certain  point  until  the  pole  is  seen,  in  the  laryngeal  mirror, 
to  be  upon  the  vocal  cords,  when  (he  operator  touches  a  little  spring  ia 
tlie  handle,  and  the  current  immediately  passes  through  the  laryngeal 
muscle*.  The  nt-cklet  should  be  worn  rather  low,  so  that  it  covers  the 
sides  of  the  cricoid  rartiEage,  and  the  space  between  it  and  the  thytoid. 
In  this  way  the  lateral  adductors  of  the  cords  (crico-ar)tenoidci  latcrales) 
can  be  most  easily  reached  ;  and  the  ar^'tenoideus  propnus,  or  central 
adductor,  may  be  electrilied  by  placing  ihe  pole  on  the  posterior  sur- 
face of  the  arj'tenoid  cartilages. 

"  1  generally  keep  the  pole  in  the  larj-nx  for  three  or  four  seconds 
«ach  lime  it  is  introduced,  and  pass  a  succession  of  short,  rapid  shocks 
through  the  larynx  ;  and  at  each  sitting  I  apply  the  pole  to  the  interior 
of  the  larynx  three  or  four  rimes." 

Mackenzie  is  of  the  opinion  that  the  effects  are  of  a  refiex  as  well  as 
direct  character. 

Meyer*  reports  successful  results  in  thb  treatment  especially  of  hys- 
terical aphonia  by  the  electric  moxa,  applied  to  the  larynx. 

*Qp.cU.,  p.436et  vt\. 
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Some  of  his  cases  were  cured  by  a  single  application  ;  in  otbeis  a 
course  of  treatment  vr&s  rcquiied.     Tobold  speaks  favorably  of  the 


electric  moxa  in  hysterical  aphonia.     It  should  be  borne  in  mina  tnar 
ia  hysterical  aphonia  any  forin  of  irritation,  external  or  internal,  eleo- 
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trical  or  otherwise,  may  cause  instantaneous  cure.  Some  of  the  most 
brilliant  achievements  of  mesmerizers  and  of  those  who  practise  lajnng 
on  of  hands  and  other  fliitnmcric-s  have  been  made  in  hysterical  aphonia. 
Kind  of  Currer^  (e  bt  Emphyed. — For  elcclrizalion  of  the  laiyiix, 
externally  and  internally,  both  currents  have  been  used  with  success. 


IRRITATIOV  or  TH2  MUSCLES  Of  THE  IjIRVWI.* 

Crtco-ihyroid. — This  muscle  may  be  caused  to  contract  by  applying 
pointed  electiodes  by  the  conoidal  ligament.  The  effect  of  tlie  con- 
traction is  to  cause  the  annular  and  thyroid  cartilages  to  approach 
each  other. 

Arytenoid  Transverse,  at  the  postcnor  surface  of  the  arytenoid  carti- 
lages. The  effect  of  the  contraction  of  the  muscles  is  to  cause  the 
cartilages  to  approach  each  other. 

Crifo  arytenoid  and  Thyro-aryteneid  muscUs,  in  tlie  sinus  pyrifomiis, 
between  the  posterior  border  of  the  thyroid  cartilages  and  the  plate  or 
Surface  of  the  cricoid  cartilages. 

Crieo'itrylenitid  Pastcrior  (dilator  of  the  glottis),  donrnward  and  back- 
ward from  the  sinus  pyrifomiis. 

Crieo-arytenoid  (aieratis,  in  the  sinus  pyriformis  on  the  extcnor 
border  of  the  surface  of  the  annular  cartilage.  Contraction  of  these 
muscles  prwluces  rotation  of  Ihe  cartilages  of  the  larynx,  with  move- 
menc  of  the  vocal  cord  toward  the  inaHan  line. 

Thyroarytenoid,  beneath  ihe  anterior  superior  border  of  the  Crico* 
arytenoideus  lateralis.  Contraction  of  this  muscle  brings  the  cartilages 
of  the  larynx  forward  and  downward,  and  narrows  the  glottis. 

Thyro  epiglclitc  and  ary-epiglottie  museles,  at  the  border  of  the  epi- 
glottis. 

Pretests  in  Aphonia. — The  prognoas  in  aphonia  depends  entirely 
on  the  palhologj'.  In  Junetionai  (bilateral  paralysis  of-  the  adductors) 
aphonia  the  prognosis  is  more  favorable  than  in  almost  any  other  dis- 
ease that  is  known  to  science.  The  majority  of  cases  will  recover, 
whether  external  or  internal  applications  are  used,  although  Mackenzie 
contends  that  the  recovery  is  much  surer  and  speedier  than  when  only 
internal  applications  ore  used.  Ke  says,  out  of  more  than  two 
hundred  such  casies  he  has  succeeded  in  all  except  four.  In  some 
of  these  cases  the  aphonia  was  of  ax,  seven,  and  even  eight  year^ 
standing. 

*  The  ftahject  of  direct  elcctrfntion  Qf  the  Urjrn[;«a]  miuclcs  hit  been  ttudicd  bj 
ZJeniuen.     £le)ilrtdtfit  In  dei  Mcdicia,  l866. 
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Id  unilaUrat  paralysis  of  the  adduciorg  the  prognosis  «  good  when 
the  origin  is  local,  and  liad  when  it  is  central. 

In  bilateral  paraly-iis  of  the  abductors  and  unilateral paraiysts  eftJu 
abduetor  the  prognosis  ii  unfavorable. 

\n  paralysis  of  the  tensors  of  iht  vccai  eord  the  progtrasis  is  usually 
favorable. 

In  paralysis  of  the  lax^s  of  the  voeat  eord  the  prognosis  U  od  the 
whole  favorable,  but  much  time  is  required 

Aphonia  of  few  manthfi  ttsHding,  eatued  hy  exf^mre  to  <»£/ — Rffmery  after  tkret 

exlrrna  I  JaraditiatioHt. 

CaseCLIII. — MinF., i.robiutycninelady of  iS,  consulted  us  in  October.  1868, 
Ibr  A  jxriulcnt  and  an  almost  catnplele  aphonia,  froin  which  she  had  been  suQier* 
ing  without  any  relief  for  four  montht. 

She  Mated  that  on  the  eveiii"K  of  tl)«  attack  ^e  wu  enjoyii^  a  mEI  with  a  partjr 
of  young  friemh  on  one  of  oar  rivers.  SIic  had  foi  iwme  time  piesioutty  comptaiDcd 
of  ^!igh:  irricatioD  of  throat,  but  it  earned  but  little  annoyance.  The  cvcoinj;  was 
mmeivhat  damp,  and  t>i«  pntlent  carelenlyDticovcred  her  head  (Inriiig  the  whole  lifoe 
liie  part  J  remaincti  in  the  boat.  While  Hnging,  and  endeavnring  (o  strike  a  "very 
^igU  note,  »he  felt  a«  if  soiiiclliing  in  bcr  ibruat  had  "  iclaxed  or  tiutdenl^  given 
wajr,"  For  one  week  «lie  remained  to  completely  aplioiiic  that  she  ooold  not  utter 
an  inielligeni  word.  In  the  course  of  (Lnother  nreeli,  howevc't  *he  could  speak  ait 
times  so  <u  to  be  unilerttoixl,  but  only  with  considerable  difScolty.  and  not  above  a 
very  feeble  wltitpcT.  At  this  point  all  improvemeut  ceased,  aud  no  foico  uf  mediea- 
tion,  or  extcmd  or  internal  application,  xeemed  to  be  of  any  benefit  whatever. 
Laryngoscopic  examination  revealed  the  fallowing  condition  of  the  parts  affected  : 
On  atteonpting  to  speak  the  right  vocal  cord  remained  almost  if  not  <)uit«  molionlcM, 
while  tti  fellow  approach«d  l)je  median  line.  It  was  evident  from  llie  fe«b1e  and 
imperfect  working  of  the  Icfi  cord,  that  it  aim  wa*  con«Ldcrahly  involved  and  doubt- 
\x^s  had  lieen  completely  paralyted.  Tbe  sunoundlng  tLMues  were  eonsidenbly 
congested. 

The  negative  electrode  was  placed  upon  the  tpinc,  between  the  shoulder-blades* 
Md,  nstn^  our  Angers  u  electrodes,  we  passed  a  steady  cnrrenl  throogh  the  neck 
for  about  ten  minulc«.  At  the  conclusion  of  the  stance,  the  palient  could  kpealc 
in  quite  a  Irjiid  whi»pcr,  and  a  second  exDmination  with  the  laryngoscope  ie\-e3led 
the  fact  ihnl  the  riglii  vocal  choni  perceptibly  approached  the  median  line  during  the 
set  c>rphonaiion.  The  voice  of  the  patient  gained  strength  rapirlly,  until,  tn  fotit 
days  t"id  after  receiving  but  two  dmilar  applicaliomi,  she  was  able  to  speak  u  load 
and  sing  as  vigorously  as  ever, 

Afihania  fifllitaiing  di^thtr, 


Rapid  riemtry  miuter  ilirtet  faraditathn  */  tJte 
muififr  of  thr  gSetlii. 

Cask  CLfV.— Mim  G.,  aged  33,  and  suffering  from  functional  aphonia  subvquent 
to  a»tight  diphlheriiic  attack,  conntltcd  us  in  the  spring  of  ';i.  Her  inability  to 
•peak  above  a  whisper  had  existed  some  iwo  weeks. 

Examination  with  the  laryngoscope  revealed  bilateral  paralydt  of  the  musdcs,  da» 
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Ing  the  glott!^  with  a  ilightly  consoled  condition  of  the  stuToumiing  ttsmei.  Tbt 
patient  vm  anwnic,  and  eiceuivel)'  nervous  ")■)  t"^  t^  trcftCmcnt  wc  alieriULlcd  geti- 
er«l  raruliutton  with  dirvcl  faradiuition  oT  the  miucla  aftlie  glattlL 

The  ionic  efTectt  nf  tties«  applications  wrix  mod  manilcit,  not  only  in  the  larjiigcal 
OKodo,  but  upon  the  sya^m  j[BieraUy  at  well, 

Sbo  E*iac<l  n^ully  in  nervous  vigor,  and  wichin  Ifvo  wedu  lier  Ureagih  of  voice 
entirely  returned. 

Dr.  F.  I.  Knight,*  of  Boston,  has  rcportwi  a  caae  of  complete  paralysis 
of  one  rtrcurrent  laj}'ngeal  nerve,  and  partial  pual^'us  of  the  olher,  that 
was  bcnetitcd  by  the  galvanic  current  locally  applied. 

The  following  cose  we  transcribe  from  M.-icltcnzie'8  work : 

iiytphvma  of  a  jftar'i  dyration,  frmm  faratytit  of  tht  laxart  of  tht  rigit  tvta/  eors 

ewfd  by  t!*tlritity. 

"Hadam  C .  aged  34,  a  pTofcstiooal  «ini;ei,  comulted  me  in  May,  18G5,  on 

account  of  a  difTtcuEty  sEie  bod  cxpcricncetl  during  the  tut  year  io  formbg  her  lower 
DotB&  Her  voice  in  the  ordinary  way  extended  frore  d  alxive  tlic  luie  to  a  1>elow.  A 
year  ago  she  Ant  experienced  ilight  difficulty  in  forrnlng  the  lower  a,  and  in  Jonnary 
tlie  could  not  reach  beyond  t.  inuring  the  last  two  months  she  had  not  been  able  lo 
iuti]{  at  all,  cren  iu  piivaCc.  She  broke  down  ditccUy  the  attempted  even  a  few 
note*.  She  attributed  the  lun  of  power  to  a  atxain,  as  rfie  firat  noticed  the  difDcuIly 
a^cr  the  perronmancc  of  a  languid  [[ytng  cantata,  wbich  bad  bven  twice  encored. 
At  ibe  lime  the  ba4  eipenenced  'a  Uingisg  sen&aliun.  esteuding  fronn  the  rLjcht  side 
of  the  throat  up  towards  the  car.' 

*'  She  had  been  constantly  under  treatment  ancc  bcr  voice  first  became  alftcted. 
The  only  thing  which  had  Kcmed  to  do  her  gciod  was  a  solution  of  caustic  applied  to 
the  tliroat  with  a  piece  of  sponge  at  the  end  of  a  whalebone  rod.  Uut  though  this 
Ircilnient  always  gave  tentpoTary  relief,  thera  was  nu  permaneui  iraprovcmenl.  On 
making  a  laryngOKopic  euunlnalloii,  the  paralleliMu  between  the  vocal  eonls  waiseen 
to  be  lost,  the  right  cord  curving  away  in  the  centie  from  ibc  mvUiin  line. 

"The  treatment  (direct  electmaiion  of  the  right  vocal  cord)  was  long  aitd  tedious 
In  this  case.  At  the  end  of  six  weeks  there  did  not  appear  to  be  any  bnprovcment, 
and  I  should  have  given  it  up  hod  not  the  patient  most  cameilly  bcjcgcd  of  me  to 
COOtinue  a  little  longer.  I  wavjtlad  that  I  did  to,  fox  a  forlniglit  later  the  patient 
pecceired  a  marked  jiupruvement  in  the  voice.  In  order  to  lest  the  voice  I  tucd  to 
allow  the  patient  to  sng  a  few  notes  once  a  week,  but  at  no  other  time.  At  the  end 
of  three  months  the  voice  was  decidedly  improved,  and  the  following  aulumn  ibe 
voice  was  so  completely  restored  that  the  lady  was  able  lo  accept  an  engagenxat 
ia  Madrid." 

Spasmus  Ghtitdis  (Laryngismus  StriduiusSpasm  of  ike  Glat- 
its.) — In  this  affection,  which  is  acknowledged  to  be  of  a  nervous  char- 
acter, electrical  tiealmenE  is  indicated  on  the  same  pmtciples  on  whicli 
it  is  indicated  in  iorticolHs,  writer's  cramp,  and  facial  spasm. 

The  disease  is  caused  by  any  influences  that  depress  the    systettL 

*  See  Archives  of  Electrologj-  and  Neurology,  May,  1874. 
37 
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In  children  it  may  arise  by  reflex  action  from  the  irrilation  of  teething 
or  of  worms  ;  in  adiilta  it  is  often  an  accoropaniun;nt  of  hysteria,  and 
arises  from  diseases  of  the  sexual  organs. 

Trtatrntnt. — General  faradization  and  galvanization  of  the  sympa- 
thetic,  and  external  gulvanizatioQ  and  faradization  of  the  larynx  by  any 
of  th«  [iiethod^  previously  described, 

Tobold  reports  success  nnth  peripheral  and  central  galvanization  in 
this  disease.  A  strong  maiden,  23  years  of  age,  who  was  attacked  regu> 
larly  e\'cr>*  night  with  severe  spasms  of  the  laiyru,  was  entirely  cured 
in  four  weeks  by  galvanization. 

Ntrvous  CffugA. — Electrical  trealtiient  is  sometimes  excellcDt  for 
nervous  conghs  of  various  kinds.  External  faradization  or  galvaniza- 
tion or  Central  galvanizalion  are  indicated. 

The  following  unique  case  may  as  well  be  inserted  here  : 


Jffatmfdir  tmigk,  lutigut  i»  ikaroettr,  and  9/  vnmuai  pfrtiu<ntf  and  ttvtritx^ 
Xtcawry  under  ctmtral  gaivanuMioit. 

QhXX.  CLV.— MiM  H.,  Aged  16,  wm  transferred  to  oiir  ewe  by  ibe  family  phjii- 
ritOi  Dr.  H,  K.  Grccory.  Thecuvii  an  eimmpleorML  unnsitallr  Muoeptiblcncrvoiii 
Of|;*cuzatiDn,  and  in  n  (;ood  Uliultatiua  of  the  readuuiiis  wilb  which  ouny  totalled 
nervous  sj-mploms  change  their  txM.  andehiiTacler,  The  distinct  and  positive  (Mlum 
thai  itand  sa  boldly  relieved  in  the  progress  of  Ihis  particular  cue,  may  icrve  lo  ex- 
plain the  more  wbllc  nnd  lea  markd  chuigei  of  symplonu  that  so  often  occur  in 
•.■cilun  nervuiu  diaLhcKs,  only  to  )>crplcx  and  lo  Kl  at  naught  (he  mottrcn  of  tbcra- 
pcutio.  The  patient  was  a  lively,  impicuible  girl,  prone  Co  phygcal  in<!iK;rctionft 
and  carclns  of  contcquences.  She  Imd  wilBred  for  a  number  of  years  Iroin  fr«|ucnt 
tod  unutiually  levere  attoclu  of  ^ck-headacHct  Init  u  KMfl  at  the  parosyiiin  had  paued 
away,  she  regained  her  umal  urcnglh  and  bunyani^.  The  sudden  and  unexpected 
death  of  a  tiitcT,  naturally  enough,  stirred  up  her  cmO'titinal  nature  to  it*  depths,  and 
logethcr  with  an  iiupnident  exponirc  of  her  peiaan  tu  ouM  and  dampnoi^  aecfDcd  t» 
be  [he  exciting  cauac  of  a  moit  ranarlcaliLc^  perwlcnl,  and  diitmsing  oough,  which, 
■light  at  KfKt,  Tcadicd  iU  height  in  (cwnty  in  the  nwfhlh  of  March,  1872.  Annd  the 
iMinitMrleaa  cRbrts  that  nere  made  by  bolh  internal  meJlcition  and  inliatal tons,  but 
one  remedy  seemed  to  be  of  the  sli^titeu  service.  For  a  time  the  paiox)-ms  sKond 
to  abate  somewhat  under  the  inrtuence  of  chloral,  olihmich  no  permanent  benefit  was 
derived  from  its  use.  When,  during  the  latter  part  of  July,  ^i«  liT^t  mw  tlie  case, 
through  Hie  Lindneu  of  Dr.  GregoTv,  the  following  was  the  prominent  characlcridic 
of  her  puuxy^mol  attacks :  Every  one  wiU  iu&tautly  recognise  the  peculiar  hanh  or 
grating  lound  which  i«  so  often  elicited  hy  the  downwrard  thru«i  of  a  >&w  thai  H  im> 
properly  handleil  or  itunfficicntly  oiled.  The  cough  of  onr  patient  exactly  sunulMtd 
this  sound,  and,  when  It  first  fell  upon  oui  ears,  we  uipposcd  that  some  one  wis  aw- 
ing in  the  adjoining  room. 

Uuring  a  -^asnyyTm,  the  expiratory  cflbns  were  jud  one  •  second  in  Irequmcy,  and 
from  a  doioi  to  sixty  in  numlicr. 

Ttra  violence  of  Die  attack  wouid  rack  hei  terribly,  and,  when  proloi^ed,  was  lbi> 
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lowed  hy  cotiMderahle  exl»u«rimi.  The  pnmiriani  tbemxclvcii  occtmd  $o  often, 
nornc  twenty  or  Iwmtjr-liw  ttmc*  during  the  lurmtj-roiif  boun,  tliat  ihe  w&t  T1«ce>- 
Ktrilr  ohliue<i  to  {[ive  Dp  all  attendance  At  places  of  public  rewit,  And  confine  her- 
«elf  moally  at  home. 

On  accnuni  of  obi  it»enc«  from  the  city  most  of  the  montfa  of  Aut^ift,  the  pa- 
cieni  wu  nut  fairly  aulimittetl  to  our  trcaimcnt  until  Nrptnnhcr.  We  then  nihinlited 
hcT  to  K  ihorougli  lar/gigoxo]iic  ei;  ami  nation,  anil  round  nothing  ahiiormal,  with  the 
exception  of'a  slight  tendency  to  cmij^stiun  of  ttie  local  chor<it.  To  diuipale  aiiy 
douirt  in  regard  to  tlie  existence  of  jnilmonai^  diwaae,  the  patient  w»x  thoroughly  c%' 
atninvd  hy  Dr.  Aoitin  Flint,  who  pronounced  the  lungv  to  be  in  a  hcillhy  condiiioa, 
and  agreed  as  to  the  eswniially  oervoos  otlffia  of  Lite  lymptomt. 

In  the  tTcatment  of  the  cs»c  by  central  (^vaniiation  we  were  p^tified  to  obtcrve, 
after  the  fira  few  teniatii^  applicaiions  on  apF»cciahEc  improvement  in  the  cbanC' 
tcT  of  the  cough.  Initcail  of  Eluit  liartih  an^I  paiiiful  loimil,  mulling,  as  we  believed, 
from  the  exceedingly  leii«e  condition  of  the  vocal  chord*,  the  cough  awuinrfl  a  aortcf 
or  looter  cbaractec,  and  wns  mud)  leu  disturUnf; ;  thU  we  conceived  dependeil  on 
the  decreased  local  spa.=modic  action.  Freed  from  wearbocne  details,  the  mUe'|iicnt 
history  of  the  com  i&  included  in  the  simple  statement  thai  the  patient  Improved  fiom 
time  to  time,  tmtil,  after  two  months  of  treatment,  and  the  administration  of  tooic 
thirty-five  applications,  the  recovery  was  perfect. 

Two  ye^B  have  now  elaptcd  linue  recovery,  but  the  patient  remain!  weU. 

In  the  case  of  a  y<3uiig  girl  sent  to  us  by  Dr.  Learning,  there  was  a 
nervous  cough  that  perfectly  resembled  the  barking  of  a  dog.  Laryn- 
gosco|iic  examination  revealed  nothing  to  .iccount  for  the  strange  synijv 
torn.     Electrical  ireaiment  accomplished  nothing. 

Hyftrasiluiia  of  ike  Larynx. — Cases  of  this  disease  have  been  re- 
ported by  Gerliardc  and  Hanfield  Jones.  They  may  be  either  constant 
or  intermittent.     The  fijUowing  case  is  quite  nrtnarkable: 

ffj^frsJtkrtia  of  laarynx  with  ntrvota  aphonia  of  ant  ftai^t  Handing'^Np  iriti- 

b!e  leiian,  ^ut  sligMS  iuhfriuhtu  dep^til  vn  luitg~~Great  pain  fr^w*  talking-^ 

AV  Htlitf  mmJer  ftmtrai  mnd  loati gaivQnitatiem, 

Case  CLVL— Misi  D ,  a  youni;  lady  from  Chicago,  was  referred  to  us  by  Dt 

JoliitMa,  of  that  city,  December  |6,  1S71. 

Tlte  patient  was  of  a  delicate,  thoroughly  American  type,  but  no  more  nervous  than 
tbouuids  of  <Kir  eounlrywomen. 

Far  oa«  year  she  had  •oflered  from  abwlute  aphonia.  The  laryngowopic  examina- 
tion of  Dr.  Johnioil,  her  physician  in  Chicago,  and  of  ot!icr>,  indiaiied  no  lucal  leitoa 
that  could  well  account  for  her  symptoms  atlhoagh  a  dighc  tuberculous  deposit  of  « 
purive  and  stationary  character  was  detected  by  Dr.  Clark  in  one  lung.  All  the 
•ccampcnrinesyinptotns pointed  toaDcrvousoriginof  herdisea-ve.  The  hypenettbetia 
iras  very  rcnurialile.  The  patient  said  the  pain  from  whispering  was  so  great  that, 
"when  I  try  to  whimper  I  utTer  terribly,  become  dioy,  and  have  pain  in  my  ear."  "I 
often  feci,' '  she  coMtnucd,  ■*  as  if  every  wonl  I  whispered  graled  on  the  vocal  cordi, 
and  to  laugh  would  make  the  e^rji  ache,"  Almo«t  continually  there  waa  pain  la  tbt 
tbroal,  and  om  thia  account  ha  night>  were  wakeful. 
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The  evidence  wu  pretty  dcht  that  the  nenreii  nipplyins  the  U1711X  were  fa  a  con* 
dttion  of  great  hyperwillics'ii,  prodiidnK  «  ciandition  ftnalogotn  10  rn^niunns. 

In  ClticR£0  I>r.  Jnhnwin  had  uieil  electTiaU  treatment,  with  ft  view  to  excite  the 
3kcti<m  of  the  cwrJ,  nllbout  benefit.  Stable  galvanuation  was  nied,  nuioljr  with  the 
*iew  of  dlmins:  the  irritaSUity  ain^  reducing  the  hjrpernathcMa,  but  without  raccew. 
la  abont  a  month  the  patient  went  South  fur  the  winter,  and  ¥re  have  not  teen  her 
since  thxt  time. 

One  amongst  other  interesting  points  in  this  case  is  the  clinical  proof  afforded  of  the 
nervona  connection  of  the  vacai  cords  with  the  meatus  fttiditoHus  and  nenihraai 
iTmpani.  The  anatomicul  explanation  of  the  phenomenon  rcconlcd  here  is  to  be 
found  in  theAreft  comntunication  exiting  between  the  auricolw  nerre*  (fint  described 
by  Arnold)  and  the  sensitive  (ibte$  which  e&lei  10  htjpiy  into  the  conpotitioa  of  ibt 
main  tronlc  of  the  poenniogastrict. 


Aftasthetia  a/the  Larynx. — This  is  an  affection  but  rarely  observed. 
It  would  be  most  likely  to  occur  from  injury  of  the  pncumogastric 
nerves  of  their  laiyugeal  branches. 

It  is  rational  to  suppose  that  annsthesia  of  the  larynx  might  be  suc- 
cessfully treated  by  electrization  in  its  various  forms,  on  the  same  prii»« 
ciples  dmt  this  morbid  ccndition  is  treated  in  other  jjaits  of  the  body. 
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For  two  reasons  the  diseases  of  the  eye  are  not  quite  as  amenable  ic 
elcctnzatioD  as  corresponding  or  analogous  diseases  in  some  other  parli 
of  the  body. 

First.  The  anatomical  positJoo  of  the  eye  is  such  that  the  corrent 
cannot  be  directly  localized  la  some  of  its  parts ;  and  secondly,  the  a|>- 
ptication  of  a  very  strong  current  is  sometimes  contra-indicated  by  the 
scDsitLvencss  of  the  conjunctiva,  and  the  possible  injury  that  may  be 
done  to  the  brain. 

For  these  reasons  paresis  and  paralysis  of  the  muscles  of  the  eye — 
the  conditions  of  the  organ  that  are  most  frequently  treated  by  elec- 
tiici^— cannot  be  as  successfully  subjected  to  electro  diagnosis  oi 
therapeutics  as  the  same  conditions  of  many  other  muscles,  although 
therapeutic  results  in  many  instances  of  a  decided  character  are  obtained 
from  clectrixation  of  the  paretic  or  paralyzed  muscles. 

The  principal  diseases  of  the  eye  fur  which  electricity  has  been  em> 
ployed  with  more  or  less  success  are  : 

Paralysis  of  tht  Museies^  Itasis, 

Asthenopia,  Opacities  of  the  CorneOy 

Jietinal  Hyperastktsiay  Phctophibia, 

Amaurosis  and  Amblyopia,  Myosis  and  Mydriasis, 

Spasm  a/ the  Lid^  and  Neuroretinitis. 

EUctritalxQtt  oj  the  Eyt. — The  electric  current  affects  the  eye  both 
directly  and  through  rcQcx  action  from  the  fifth  pair,  and  also  through 
the  sympatlietic.  As  has  been  stated,  the  anatomical  position  of  the 
eye  within  its  bony  cavity  makes  it  impossible  to  reach  all  its  parts  as 
directly  as  could  be  desired  ;  while  tlic  exceeding  delicacy  of  its  struc- 
ture makes  it  at  least  very  difticult  to  make  the  applications  imme- 
diately to  the  conjunctiva. 

The  eye  may  be  electrized  in  a  general  way,  in  asthenopia,  (or  ex- 
ample, by  pressing  one  large  positive  electrode  over  the  closed  eye, 
and  the  other  at  the  occiput  or  by  the  side  of  the  head  above  the  check- 
bone  ;  or  one  of  the  electrodes  may  be  held  in  the  hand.  When  it  i< 
desired  to  produce  chemical  changes  in  the  eye  this  stable  method  of 
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ai>plication  tnay  be  used  for  some  time.  Placing  the  positive  pole  on 
the  forehead  or  ia  tlie  auriculo^niajiillary  fossa,  the  suptrwr  oblique  may 
lie  excited  with  the  nt^galivc  v>olc  on  the  uijpcr  and  Inner  iHirt  of  the 
orbit ;  the  inferior  ohliqae  and  rtctus  internus  near  the  inner  angle  of 
tlie  eye  on  the  side  of  the  nose ;.  the  nctm  txternus  at  the  oater  angle 
of  the  eye  ;  the  rectus  superior  at  the  upper  part,  and  the  rectus  in- 
ferior at  the  lower  part  of  tl»e  eyeball.  Galvanization  of  the  eye  with 
interrupted  currctits  to  affect  the  tnusclcs  should  usually  be  short,  but 
stable  or  labile  faradization  with  large  cJectrodes  may  sometimes  ba 
made  for  a  much  longer  time — three  to  ten  minutes. 

Paresis  (exhaustion)  or  paralysis  of  the  muscles  of  the  eye  may  arise 
Irom  cerebral  lesions,  or  may  be  of  a  peripheral  character.  Locomotor 
ataxia  is  frequently  preceded  or  accom|>aiiied  by  disorders  of  the  mus* 
clcs  of  the  eye. 

For  the  purpose  of  afTecting  the  muscles  of  the  eye  the  galvanic  cur- 
rent is  usually  superior  to  the  faradic  A  small  number  of  cells,  from 
ten  to  fifteen,  are  usually  sufficient.  Galvanisation  of  the  sympathetic 
should  also  be  tried  in  those  cases  that  are  supposed  to  be  of  cerebral 
origin.  Short  treatments,  from  one-quarter  of  a  minute  to  one  or  two 
minutes,  are  preferable  to  longer  applications.  In  these  conditions 
protracted  siSances  not  unfrequenlly  do  injury. 

Here,  as  elsewhere,  the  sensitiveness  of  the  patient  and  the  results  ia 
each  case  arc  perhaps  the  best  guide.  And  yet  it  is  always  veil  to  be 
cautious  i[i  the  first  application.  In  diseases  of  the  eye,  as  of  other 
parts  of  the  body,  wc  meet  with  exceprional  cases  that  will  bear  and 
be  benefited  by  very  protracted  applications  of  mild  galvanic  currents. 

1'hc  unfortunate  accident  cliat  happened  to  Ducbenue — total  de- 
struction of  the  sight  of  a  patient  immediately  after  galvanization — did 
much  for  a  time  to  retard  the  electro- therapeutics  of  the  eye.  The 
accident,  however,  has  never  been  repeated,  although  the  ctectro-thera- 
peutists  of  the  present  day  galvanize  the  eye  and  the  brain  with  great 
freedom. 

Localized  yurd/isa/iVfl  has  been  somewhat  successful  in  the  treat- 
ment of  paralysis  of  the  muscles  of  the  eye  iu  the  hands  of  Meyer,* 
Soclbcrg  WclU,^  and  Allhaus.^  Althaus  ha.<i  succeeded  with  (he  fara- 
dic current  after  failure  with  the  galvanic.  The  current  reverser  elec- 
trode is  very  convenient  for  the  treatment  of  paralysis  of  the  muscles  of 
the  eye. 

Prvgnvsis  in  Paralysis  of  the  Museles  of  the  ifv*.— The  prognosis  of 
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paralysis  of  ihe  eye  that  depends  on  cerebral  lesions  is  usually  unfavor- 
able.    Cases  that  arise  in  ttie  eaxly  stages  of  disease  of  the  brain  or 

tpiual  cord,  as  locomotor  alaxia,  and  early  syphilitic  cases,  offer  a  good 
proynusis,  though  ihcy  arc  diftpuscd  to  relapse, 

Periphcra]  cases,  when  taken  in  the  early  stages,  have  a  very  favor> 
able  prognosis,  but  not  so  with  cases  that  are  long  standing. 

Bcncdikt,  sjieaking  of  the  prognosis  in  cases  of  iiaralysis  of  the  eye, 
declares  tlut  of  eight  cases,  from  various  causes,  that  were  sent  to  him 
by  Wecker,  of  Paris,  in  seven  there  was  immediate  im|irovement.* 
The  same  writer  states  that  when  the  absolute  excursive  capacity  of 
the  pupil  is  little  altered,  but  double  vision  is  present  in  a  great  part  of 
the  visual  field,  the  prognosis  is  unfavorable. 

In  some  case*  imp  rove  iiient  rollow!i  early,  after  one  or  two  sittings, 
or  during  the  midst  of  the  string ;  in  other  cases  not  until  ten  01 
^teen. 

The  tendency  with  patients  and  i>hysidans  is  to  abandon  treatment 
in  paralyaiii  of  nuisdes  of  the  eye,  without  givin;^  it  a  fair  trial.     They 
certainly  demand  as  long  treatment  as  analuguus  alTeclions  in  other  parts 
of  the  body- 
Amu  t/^  Ik*  U/t  inUriMi  rtcttu  miuelf — fmmtdiatc  imprawmtitt  umtUr  Uraliud 

faraditatitiH. 

Cask  CLVII Mr.  M.  B.,  wilh  p&rc^Li  of  the  left  internsi  rtctos  moxlc,  w&ffci)t 

touiby  Di.  C,  R.  A|^ew  for  elecCtical  treatmeiiL  The  fini  ^ymptonMof  the  diflicully 
(Inlcd  some  mi^iuht  l>w:k.  Jiiiit  ftfier  Vn  return  from  the  Wcti,  urhctc  he  luJ  been 
(ubjccle<I  to  unusuil  fali^juc.  A  powerful  cuitceil  (fAmdic).  lociUucJ  as  ncArljr  ai  pas- 
slhle  in  the  alfccEcd  muv:le,  ytr;  roartceilly  relieved  the  hearineti  of  the  eyeUJ,  and 
immdiaiely  tmprove'1  ihe  tighr. 

For  over  a  month  the  palicnC  lioil  been  able  to  read  only  imperfcclly  aiid  willi  dil- 
ficiilCy,  while  aii  hoai  previoiu  lo  the  electrical  treatment  U  wu  fouiiil,  oa  trUl,  at 
Df.  A^ew'i  ofliire,  ihst  he  wa»  utterly  unxble  lo  decipher  ncwtpaper  print. 

Imme'liatcl)'  after  one  applieaifon  the  patient  could  read  the  fin*  print  of  the 
Merali  nith  eabe,  ami  in  a  day  or  v>  a  note  from  Dr.  Agnew  Inrornwd  ns  that  the 
▼faioa  of  ihe  patient  Ind  increaacd  rnjio  one-icDtb  lo  one-halC  aad  (bu  cbe  fauaaal 
reelos  had  gained  teventjr,  tested  by  prhms. 

l^rafyiir  of  th4  ahJutetit  nf  hi/lk  ryt$ — DouMe  vin'^n  tern  mjufAi'  itanitiHg-—PosriNe 

lypkiiitU  «r$^iti—f{Kitvtry  Ufuter  loealited  galvanitaliom  amj  taJtA  0/  pUAttimtn 

—Relaptt. 

CassCLV'IIL— Mr.  R.,ae«d46,waircfcrretltoat,  May  1, 1S74,  by  Dr.  Rathniare. 

Patknt  complatiMil  of  double  viiion — health  elherivbe  food.     Dr.   R.t  dta£iMnH 

vrafi,  paralyiu  of  nbdueenson  )K>th  titles  and   ai  the  patient   bad  uifTsfcd  from 

•yphllU  iUtecn  jcars  before.  Iodide  of  potasuum  was  i^ivcn. 

•  Op.  dt..  IV  »93. 
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For  tbre«  months  this  treatmeJit  was  k«pt  np  irith  bnt  litlle  iraproremenl.  We 
bagaa  Ircatnient  by  localud  salvaniisiian,  uung  strong  micrnipicd  cvtrcnu— ont 
pole  at  the  exterual  sui^le  of  the  eye,  snd  the  oiher  on  the  temple,  or  at  ilie  back  of 
the  rrack  and  continued  ihb  treatment  twice  a  week  (or  one  muntb  without  uay  im- 
proveneal.  About  June  i  improvement  began,  and  by  June  33  the  recovery  was 
emphatic,  so  f&r  as  double  visian  was  concerned ;  dimness  of  vistoA  remained. 

The  pnttcnt  continued  the  iodide  of  pota&^um  at  the  same  time  with  the  eJectrical 
treatment,  aod  il  i&Jcady  inipOHiUe  ti>  flilTcccntiAle  with  ccrlainijr  the  cffctlsof  llx 
two  rcino'ies;  bjt  iiiasmiicb  it»  the  iodide  of  potastium  hod  been  uicd  bcfutc,  and 
vtiy  fn'iiiJally,  wiihout  cITect,  it  is  exceedmjfljr  ptobable,  tu  ay  the  Icait,  that  the 
recovery  was  Largely  due  to  the  electrical  treatment.  The  patient  lubM-^uentlj  icUpscd. 

The  followiiijj  ire  some  of  Bcnedikt***  ca»e»  : — 

'*  Burggraf,  Johann,  aged  i^  (Aril**  dinique,  April  izd,  1 864^,  had  been  saddvly 
teit«d  with  double  rUinn  fouitecn  dap  prevtouidy.  Pajilysii  of  the  right  abduccM* 
p(«ceded  by  violent  pains  in  the  head  for  eifj^C  days.  Recovery  through  local  Irest- 
raeni  in  six  sitiings. 

"  Meyer,  Anionia,  seed  55,  laborer  (Arlt's  clinique,  Sept.  tS,  i86€),  had  suffered 
for  thrne  days  from  double  viiion,  paresis  of  llie  right  abducent.  The  eacnnion  was 
deficient  by  one  line.  There  was  double  vision  ui  the  Ltr^r  half  of  the  visual  field. 
After  nine  sitlingi^  the  excuriion  was  normal.  Double  vision  in  the  cKlrcoie  portion 
of  the  victual  field.     ICntire  recovery  afler  twenty  sittings, 

"Mako,  Itiubara,  aged  34  (Aril's clirtique,  jaii,  39,  1863),  wfTcrcd  far  uk  weeks 
frum  cumplcle  \121alyu  t>f  all  tlie  branchei  of  the  oculu-nmiorriui.  After  three 
wcckt  the  paraJvui  wu  removed,  and  the  patient,  although  he  had  ytt  some  douUe 
vinon,  left  the  hotpitaJ. 

"  Iii'lmtii  Afyifrian'j.—Kntiiier,  aeed  40,  suITeied  fruui  mydriasis  and  paralyusof 
neoMnmudaiEunoii tlie  left  side.  Al^erlwo local  Imimcnts  the  mydriaas  dimtnisbed. 
It  rclapied  after  a  eoilus,  but  was  finally  entirely  licaled  in  twelve  siLCings,  ami  ie> 
mftincd  healed  for  several  years." 

Astheitpfiia. — Asthenopia  may  tlcpcttd  on  an  absolute  or  relative  de- 
Qciency  of  energy  la  die  muscle  of  accomiuodaiton  ;  01  uf  die  internal 
recti.  It  is  accompanied  by  hypcrsslhcsia  of  the  retina  and  ciliazy 
nervcs-f  Of  these  two  Tonus,  the  accommodative  and  muscular,  the 
accommodative  is  the  more  frequent.  The  marked  effects  in  improving 
the  tone  of  exhausted  muscles  in  other  parts  of  the  body,  produced  by 
electrization,  would  lead  us  to  suppose  that  asthenopia  might  lie  bene- 
fited by  passing  either  the  farodic  or  galvanic  current  through  the  eye. 

Ill  quite  a  nuuibcr  of  cases  of  weakness  of  eye  with  byperwstlicsia, 
that  have  not  been  accurately  recorded,  wc  have  obtained  poutive  and 
rapid  results.     For  those  very  numerous  cases  of  eyes   thu  ach« 

•  Op.  iHt.,  p.  297  et  fM{. 

\  Stellwag,  Treatise  on  the  Diseaui  of  the  Eye,  tratislstctl  by  Dri^  llackley  and 
Rooto,  -y.  632. 
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levcrely  if  used  even  for  a  little  time  before  breakfast,  or  at  twilight, 
or  ill  reading  fine  print,  or  doing  fine  needlework,  or  from  exposure  tc 
glariag  ligtit ;  that  licrliaps  are  annoyed  by  musea  vahianles  and  liy 
neuralgic  pains  in  or  near  the  eye,  and  yet  tn  which  ophthalmoscopic 
examination  reveals  no  lesion — for  such  coses  mild  labile  faradization 
ft>r  ftvc  or  ten  minutes  through  the  eye  with  the  positive  pole,  eitiKi 
wiih  a  moistened  sponge  or  the  hand  of  the  operator,  while  tlic  aega- 
tive  is  at  the  back  of  tlie  neck  or  in  the  hand  of  the  patient,  is  certainly 
a  most  agreeable  and  eflicacioiis  reiuedy.  Stablu  galvanization  is  also 
useful  in  the  sanje  condition.  Cases  of  this  kind  that  are  associated 
with  general  feebleness,  with  hysteria  and  dyspepsia,  arc  sometimes 
much  benefited  by  general  faradisation  even  when  the  eye  receives  no 
local  treatment  whatever.  The  tired,  aching  eye  is  both  temporarily 
rested  and  relieved  after  each  sitting,  and  permanently  suengtbened  by 
continued  tieataient.  In  such  cases  electrisation  does  for  the  eye  what 
it  does  for  the  stomach,  or  larynx,  when  they  arc  in  a  condition  of 
fatigue. 

IVe  helin^e  thai  flectro-therapeutics  promiui  more  far  aithenopia^ 
with  hypcrasikesia  of  the  retina,  than  for  any  other  disease  of  the  eye. 

From  the  known  effects  of  electrization  on  neuralgic  and  muscular 
weakness  of  other  parts  of  the  body,  it  would  certainly  appear  that 
asthenopia,  even  in  its  severe  phases,  might  aUo  be  successfully  treated 
by  the  same  agent.  The  subject  is  worthy  of  the  earnest  attention  of 
Ophthalmol  ogists. 


AtlktHBpiavftvtoytar/  Handing — Rapid  imfrtviuuHl  undtr  Ixaliud /araelitatUH. 

Case  CLIX. — hU.  U,  «  iluilcni,  ago!  35.  was  icfcrrcJ  to  u«  by  Dr.  Lorini:. 
The  patieii't  had  Tor  Iwo  ycais  been  aftlictcd  with  aice«i!ing  weoknen  of  right.  »n<l 
for  a  long  time  was  unable  to  read  more  (luui  a  cnlnutc  or  two  without  discomfort. 
Time  and  r»t  hail  atfortlcO  sli^il  relief,  vt  tlut  he  now  found  tl  pofiiiblc  to  rend 
by  daylight  wmc  cigtil  or  ten  minulct;  by  gatli^ht  he  could  not  read  at  all.  A  mild 
t^nce  of  localiaed  faradtutioa  wai  euayeU,  with  the  result  of  markedly  IncreaaiuK 
the  ttrea|[(h  of  viuon.  SliuiW  appLicutioiu  were  re|>«itod  mibo  dooen  timet,  with 
the  moat  happjr  edect,  aad  when  Lul  teen  the  patient  was  abl*  to  read  an  hour  with- 
out leriuiu  ducamfort. 

A  second  case,  sent  soon  after  by  Dr.  Loring,  received  equal  benefit. 

A  tau  timilar  U  the  aStnre — ImprtnMt  mere  rraJily  uudtr  galmmitatiam  ikam 

/araJixation. 
Cask  CI.X.~~A  com  similar  In  its  *yniptoin«  to  lh«  aMvr,  and  of  as  Vm^  atawl' 
ii^,  that  tna  sent  to  us  by  Dr.    Roou,    wa«  submitted  lu  |iK:atice>l    (arulitaiio-n. 
with  totnc  benefit,     Localiicd  galvaniiatitni,   liuwcvcr,  wiih  aa  cKi.'cedingly  r«el>lc 
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ctuTonl,  proved  of  groiet  somcc,  snd  after  a  month  of  Ireaiment  the  pati«Bt  wat 
al>ie  to  read  ordjiujr  print  for  over  u  hoar  cootinaoosly,  vUboa lexficricnciiig  loy 
ducomfort. 

.  Attigtwfia  0/ an  a^gravattd  tharacter  and  0/  true  ytM-t'  ttamMmg—Campiett  r«vr- 
ery  under  Iwtlve  afiflieatioHt  of  iacatittd /araattatwH. 

Case  CLXI. — The  tnoic  utisAclory  result  (bait  w«  Iiave  lo  record  in  the-  treat- 
tnenl  oF  uchcnopta  wu  iu  ihe  cue  of  k  laily  n^ccl  60.  For  two  yean  »bc  )iAd  i>b«cr>ciJ 
a  conXAntl/  ttcci-cuiiig  Mrcti^lh  of  vmun,  luioijaled  willi  a  local  imlabililj,  thai  pte- 
cludol  Rnjt  alCemfit  at  cuiUiauuus  nve  at  tJie  ejrex.  Finally,  m  w«ali  did  ifae  or^int 
became  that  iJie  fouii'l  it  utiorly  iinpuuiblc  to  read  or  lew,  or  in  any  way  conceu- 
trate  her  %iglit  for  a  moment  wilhoui  suffering  pain  and  ob^cufation  of  viuoo.  She 
was  treaicvl  wliolly  tiy  localized  raradLcaiiuu — the  tipt  of  the  fingers  aloae  being  lued 
**  elect  roile* 

Uiit  about  twelve  applicmtion*  were  pven,  with  tlie  rendl  of  oomplete  aad  per- 
manent rccorery.  Duiing  ihc  Ihrcf  yean  that  bave  clapied  unce  ihb  (reatnient  iIm 
cyeuglil  lux  rciniinciJ  pcilcctly  iirung. 


Amblyepia  and  Amaurosis. — Amblyopia  is  noiv  tindcrstood  to  be  3 
disorder  of  vision  dependent  on  disturbance  of  the  cirailation,  while 
aiuotirosU  is  to  be  regarded  as  a  symptom  of  atrophy  of  die  opdc 
nerve. 

For  some  of  these  conditions  elcctrieatiun  may  tie  tried  with  ad- 
vantage. 

A  strong  encouragement  for  a  faithful  trial  of  electricity  tn  these 
cases  is  that  various  deuces  of  impRinncnt  of  vision,  from  complete 
blindness  through  the  \a-\-tv  grades,  have  been  aomeiimcs  mast  success- 
fully treated  by  physicians  and  charlatans,  with  diverse  methods  oi  appli- 
cation. De  Saussute  cured  a  case  of  amaiuo&is  by  statical  electricity. 
Lcsueur,  Magendie,  and  Person,  successfully  used  faradisation  in  the 
same  cases. 

What  is  now  needed  is  a  careful  and  persevering  trial  of  galvaniia- 
tion  and  faradization  ii^  cases  of  amblyopia  and  amaurosis,  after  accti- 
rate  ophlhalmiisfnpic  oxaminalion. 

Spasi9  0/  tht  Lid  {BUpharosJiasm). — For  spasm  of  the  lez'Oter  falpehrtt 
and  orbicularis  palpebrarum,  faradization  or  galvanization  is  indicated 
for  llie  same  reasoi^  that  it  is  indicated  in  torticollis,  facial  spasm,  and 
spasm  of  the  glotlis. 

The  mctJiod  of  application  is  the  same  as  that  prescribed  for  asthe- 
nopia. 

J^rognffsis. — Recent  and  mild  cases  recover  rapidly.  Long-staiidiag 
cases  aie  sometimes  very  obstinate,  but  even  these  arc  frequently  re- 
lieved for  a  lis  litcd  time  after  each  sitting. 
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SbgAt  tpAt  madit  twiuMiugs  «f  tlu  UJ — Rteovtry  und^  faraduatisM. 

Cabb  CLXII.— a  iody  had  brcD  troubled  wUb  an  affection  of  (he  l«ft  eye  that 
required  lurgical  ircatmcnc ;  ww  taken  with  vtight  but  dUai:tccibIe  (witcbinei  of  llu 
lidoribe  otlwre}-e.  Tbe  lariichii^  wasn  ftliehi  that  it  could  be  teen  byaoobaerrer 
only  wilh  diffimilly. 

Uiiilef  fir&diuiiui)  with  a  mild  currcnl,  Ihc  negative  pole  being  hcU  in  the  baud  of 
the  [ulicnl,  and  the  poiicive  being  applied  by  gentle  pu»ei  over  the  lid,  reouvery 
took  place  in  a  short  iim«. 

Spatm  0/  tki  orhintiarii  fialfirirariim  q/  Lmg  ilttHding — S^m*  Umporarjr  iut  iw 
permanent  ^trfit  from  farad itati^t  and  gaivamStati.tm, 

CukCLXHI.— Kev.  Mr.  B.  wu  raferred  to  ua  by  I>r.  C.  R.  Agiiewwllh  aevere 
^wiiBt  of  the  orbicuUru  polpebnuncn  of  tbe  right  lide;  the  general  health  of  tbt 
patient  inA  □tlierwtsc  cood.  Faradintion  and  ^vanlation,  faiihrnlly  uied  Torn 
number  of  !iiitlng%  In  the  manner  described  fn  the  case  preceding,  were  only  of 
temporary  bcnebt. 

Opacities  of  tht  C>r;iAi.— The  electric  currettts  hive  been  employed 
with  more  or  less  success  for  opacities  of  the  cornea,  for  many  year*. 
Cases  have  been  reported  by  Isiglio,  Quadri,  WiUebrand,  Tiirck,  and 
Oracfe.     Recently  this  method  has  l)ccn  but  little  em|>loyccl. 

The  galvanic  current  would  be  more  indicated  llion  the  faradic  Ex- 
ternal or  internal  applications  may  be  used. 

In  a  case  of  opacity  of  the  cornea,  resulting  from  herpes  opkihalmi- 
cus,  sent  to  us  by  Dr.  Prcut,  there  was  a  very  liccided  clearing  up 
under  a  protracted  use  of  the  negative  pole  of  the  galvanic  current 
applied  to  the  closed  lid,  and  a  part  of  the  time  directly  to  the  conjunc- 
tiva, which  had  been  rendered  anxslhetic  by  the  herpe-s. 

OpoiUies  of  the  VitreoHs  Ifumffr  —  KeraiHis. — Le  Fort  and  Camus 
report  interesting  and  remarkable  results  in  the  treatmeni  of  opacities 
of  the  vitreous  hutnot  by  the  galvanic  current  Tbe  applications  were 
inuJe  with  one  pole  over  the  closed  eyelid,  and  the  other  in  the  auri> 
culo-maxillary  fossa,  to  affect  at  the  same  time  the  nutrition  of  the  eye 
through  the  sympaihclic  Tn  some  of  the  cases  the  opacity  was  asso* 
ciated  with  or  resulted  from  keratitis. 

Phffiophobia, — Photophobia  is  a  symptom  of  so  many  diffcrcDt  patho- 
logical conditions,  that  Ihe  cases  of  cure  or  Tclief  obtained  in  it  by  the 
electric  currents  are  of  comparatively  little  value.  It  very  (requeotly 
depend*  on  the  diseases  of  the  conjunctiva  and  cornea.  Hew«on 
reports  the  cure  by  galvanization  of  thirty-two  cases  of  photophobia  de- 
pendent on  scrofulotis  inflammation  of  the  cornea  in  chtldreii.  Fran 
9ne  to  ihiee  applications  were  sulScieot 
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TJie  positive  pule  was  applied  to  the  face  and  the  negative  to  the 
supra-orbital  foramen. 

Ptosii. — This  affection,  which  consists  in  paralysis  of  the  elevator  of 
the  upper  lid,  is  to  tx;  treated  like  »pa»ii)  of  the  liU,  but  with  a  stronger 
current. 

PtMis  felUwing  karpes — Rapid  retavery  Httder  gatva»itatioM. 

Case  CLXIV. — A  lad)'  patient  was  referred  to  us,  who  hid  stiAered  loog  and 
severely  frnm  lieqKS  of  the  head  und  face.     Thin  wu  folloured  by  acute  ncural(ie< 
]»iiiii  tluit  were  moit  peraKtent  aiid  resittol  all  nICcmpts  at  »llcvUcion. 

The  galvanic  current  wki  here  applied,  and  mi  sucoewfuMjr  ax  in  *  sliort  tiriM  to  db> 
tipuo  in  i;i>od  measure  the  aeural}[i4.  The  eyelid  of  the  rislit  Ude,  howv^-er,  wat 
led  diO'Cipirig,  a  tundUiun  which  had  been  ptc»«nl  wme  wceln.  Three  appltca- 
twKiK  of  the  farniSic  current  to  the  affected  pore,  of  a  Kiength  as  great  as  could  be  well 
bome,  were  rcpcal«J  oa  several  occadoos  and  readily  Rsallod  in  ft  cotDplMs  tesioralioa 
of  tlie  lost  muscular  power. 

Mydriasis  and  Myosis. — la  these  conditions  the  electric  txeatment 
is  sometimes  of  value,  although  in  many  cases  tbey  depend  oa  sotoe  ceo* 
tr.al  difftcuUy  that  in  its  very  nature  is  incurable. 

The  treatment  consists  in  local  gdlvaniiation  and  galvanization  of  the 
sympathetic. 

Neure-retiniiis. — On  the  theory  that  neiiro-retinids  may  depend  on 
some  morbid  condition  of  the  &ympatbetic,  which  in  its  turn  may  be 
connected  with  various  cerebral  affections,*  it  has  been  treated  by  gal* 
vanization  of  the  sympathetic,  and  of  the  brain. 

Indeed,  from  our  cxperimcnls  in  galvanLtation  of  the  sympathetic 
(see  p.  135),  it  would  appear  that  in  ncuro-retinilis,  and,  indeed,  in  all 
affections  where  we  wish  to  affect  the  vasctilar  condition  of  the  retina, 
galvanization  of  the  sympathetic  would  very  properly  be  indicated  in 
connection  with  other  remedies  directed  to  the  disease.  The  subject  is 
certainly  worthy  of  investigation. 

Strabismus. — In  strabismus,  dependent  on  merely  transitory  causes, 
faradization  or  galvanization  may  be  of  service ;  but  the  results  yet 
reported  are  not  of  great  importance. 

That  temporary  relief  of  strabismus  may  be  derived  from  faradization 
we  demonstrated  in  several  instances.  The  method  of  application  is 
the  same  as  that  for  paralysis  of  the  muscles. 

From  ainong  many  failures  in  the  treatment  of  strabismus  that  we 
find  recorded  in  our  case  books,  we  briefly  note  the  two  following 
as  illustrative  of  the  benefit  that  occasionally  accrues  through  electri- 
zation. 

•  Benediltt.  op.  du,  pp.  151,  Jjj,  154, 
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Case  CLXV.— A  little  girl,  aged  8,  hiul  for  two  yean  been  skfllicted  with  strabb- 

The  farodic  currenl  vim  un«arljr  as  pottiblc  localixed  in  ilie  fautly  musdes,  ftiid  at 
the  s&mc  time  ihe  boiiy  of  tJic  eye  wiu  submitlcd  la  penile  trc^iiaiaiL 

ImitrovcmcBt  became  niaiiifui  nficr  t  few  applications,  an  J  in  ihe  conrse  of  two 
inontlis  ended  in  recover/, 

Cass  CLXVI. — tn  the  case  of  a  Whc  of  ti  month*,  who  had  fthown  t/mploms 
■Imilnr  10  the  above,  some  three  week*  previoudy,  it  reciuirod  but  a  tingle  application 
of  the  faradic  carrcnt  to  dL'^ipute  chc  trouble. 

Cataraet. — The  literature  relating  to  the  nse  of  galvanism  in  the 
treatment  of  cataract  is  very  considerable,  but,  at  the  same  time,  both 
the  opinions  and  statements  arc  very  conflicting.  Cru&scl,  of  St. 
Pclcrsbitrg,  claimed  to  have  had  successes.  His  method  was  to  intro- 
duce into  the  lens  a  needle  connected  with  the  negative  |>oU-,  while  the 
)KKiitive  was  apjilicd  lo  the  trmgtie.  In  this  way  the  cataract  was  ku1>* 
jected  to  the  three  factors  of  mechanical  disintegration  by  the  needle, 
to  the  chemical  influence  of  the  negative  pole,  and  "  probably,  also,  to 
the  macerating  action  i>f  the  aqueous  hunmr  penetrating  the  lens 
Uiroiigh  the  piinctui^  made  in  the  capsule  by  the  needle."  Bcrguiann, 
Newmann,  Miidncr,  Benedict,  Strauch,  and  others,  on  the  contrary, 
claim  that  the  results  arc  not  vulliciently  favorable  lo  coimtcrbaUncc 
the  dangerous  Infiamnution  that  is  liable  10  follow.*  Rosenthal  usi^ 
external  applications,  and  claimed  to  have  cured  two  out  of  three 
patients  whom  he  thits  treated.  Two  cases  of  cures  have  been  re- 
ported lately  by  Neflel.  The  cases  were  subsequently  examined  by 
Drs.  Agnew  and  Knapp,  who  failed  to  find  evidence  of  any  improve- 
ment that  could  be  attributed  to  electricity. 

Among  other  diseases  of  the  eye  in  which  electricity  may  be  tried 
experimentally,  with  the  hope  of  greater  or  less  success,  are  anasthetia 
optica  and  nystagmus. 

•  For  the  Htemture  of  the  jubject  consult  Canstatl's  "JahTeibcrichl"  fori84l-4S. 
•too  Schmidi's  Jahrbtkhcr  for  1S41-42,  quuled  from  Evetiky's  article  "  On  the  Na- 
ture  of  Cotanct,"  etc.,  N.  Y.  Med.  JottnuO,  July,  iSSo,  to  which  we  ore  indebted. 
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The  diseases  of  the  ear  are  less  amenable  to  treatment  hy  electricity 
than  analogous  diseases  in  most  other  parts  of  the  body.  Ry  its  an.i- 
tomical  ]>osition  the  internal  ear  is  even  more  inaccessible  than  the  eye  ; 
and  even  the  parts  which  can  be  l>rought  more  directly  under  the  inflo- 
ence  of  electriiaiion,  as  the  middle  car,  the  membrana  tympani,  and 
externa]  auditory  canal,  can  bear  only  feeble  currents.  Hence  it  is  that 
there  is  uo  branch  of  eleclro-thcrapeutics  where  there  has  been  such  gen- 
eral disappointnienl  both  among  anrists  and  electro-therapeutists  as  in 
disieascs  of  the  ear. 

The  morbid  conditions  of  the  car  for  which  electrization  has  been 
found  of  some  service  are  sabacwte  and  chronic  infiamma/ian  of  tkt 
drum  and  middle  ear,  nerzvus  deafness,  and  tinniitts  aurivm. 

Experiments  on  the  ear  were  made  quite  early  in  the  history  of  elec- 
tro-therapeutics. 

Brenner*  gives  the  following  bibliography  of  this  depardnent  in  tho 
early  part  of  the  present  century  : — 

AuouyriM— Kir^MT^  eimtr  CttthUMt  Jtr  gahtanisehtn  EhktrieitSt  $uij  Ukrrr 
mudkitiitrhtn  AutBtnJtiHg,  Berlin,  iSoc  [ifal*  work  contains  it  ([iiAntitnliva  cUsliDcliaa 
in  the  trorkint:  u^  buth  polei  on  (lie  uervei  of  heariog) ;  tdw,  V«n  Galvanitmta  mmm 
lUuf*  Anwtnjung,  i8oi,  by  the  tame  aullior. — limujonFT—diehaHiUMmg  d«t 
Okrtntauitns  Jurth  dcH  Galvanixhin SiroM,\  M  GRAfENQiE^BK,  iSoi,  pp.  i^i 
and  l^3.—V\.\tA  —  ifialtMn^iurapemiistht  Verttukt,\  Ebeadu.,  (Soi,  pp.  24I4 
25s. — %T&\iM h&~L'Atr  GmivaHiimHS,  Hunburg,  iKo3<lliis  work  coBtidnicumor 
dcalncM).— STIlUWB — Syiltm  Jer  MtdkimitfktH  EUktrieitM  mtt  Rii^kiuht  amf  dtm 
GahmnitmHs,  t^ax—VioiXM/^JfackrUhtoaM^tn  mt  ytvtr  ditrtk  die  Caivam'Vmt- 
iMUtht  Gekltrgt^liuml  h*gluektem  TatibitMmmtny  etc  Ouiabriidc,  iSo2.-^HA]ta 
TIHS'  7h€rapeHliKki  Anatendung  dts  GatvaHirmtu.     1803. 

It  iTAS  natural  that  attempts  to  cure  diseases  of  the  ear  should  be 
]e  thus  early  in  the  history  of  electro- therapeutics,  because  at  thai 
time  there  was  scarcely  any  other  method  of  treatment. 

*  Untersnchungen  und  BeoHchtungcn  taf  dem  Ccbietc  der  Eledrotberapte,  t  Baad^ 

*h..  1868,  ^  4a 
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There  we  two  general  methods  of  electrizing  tht  ear — interaal  and 
txiernal. 


fmUriMl  mfthaJ of  tlettriuUipn  of  Ikt  t»r  {DuclieniK>.  A,  anrldfl;  B.  eKinnal 
tu'Iiloff  cutal ;  C,  handle  of  devlriKle  ;  D,  dexible  wine;  E,  nibbet  tjieculunii 
P.  omicuU  in  nii'Mic  ear :  C,  mouth  of  tuHe ;  H,  anditory  nerve  in  inner  car ;  1, 
inferior  half  mcmbrjuu  tympuii;  J,  extrmal  muscle  of  luiamcr ;  K,  tntemal  muscle 
of  lummcr. 

The  flexible  wire  can  be  pressed  in  tonrard  the  drirm  and  then  bU 
lowed  to  spring  Kick.  The  external  auditory  canal  i»  very  Knsittve, 
and  only  mild  currents,  or  currents  quickly  intemipted,  nill  be  borne. 
The  other  cIcctro{]c  may  be  placed  in  ihe  hand  of  the  upposite  side,  or 
%x  the  mouth  of  die  Kustacliian  tube,  by  means  of  a  DietoDic-pointed 
insulated  catheter,  it  is  an  advantage  before  making  the  a}>i>licatioD 
to  partly  fill,  or  at  least  to  moisten,  the  car  with  warm  salt  water,  since 
thtTcUy  the  con<luction  U  much  increased.  The  water  should  be  warm, 
because  cold  water  is  not  well  borne  in  the  ear. 
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External  Method. — The  best  external  method  of  electrizing  the  eat 
is  to  press  the  eleeirode  firmly  on  the  tragus,  the  other  clcctnxlc  being 
held  as  before,  iu  the  liaiul  of  the  opposite  side.  The  ear  should  br 
tilled  with  warm  salt  water,  although  this  is  not  necessary. 

We  have  used  this  mtjthod  for  several  y«ars  with  both  the  faradic  and 
galvanic  currents,  atid  prefer  it  for  all  cases  except  when  it  ii  desired  to 
aet  direetty  on  the  infiamed surfaees  gf  the  drum,  or  middle  ear.  It  i* 
far  less  painful  and  more  satisfactory  than  the  internal  melliod.  It  ma7 
be  used  on  the  most  sensitive  children,  who  would  rebel  against  the  in- 
ternal method,  however  skilfully  pcrfonned- 

The  sitting  should  not  usually  be  more  than  five  or  ten  minutes  and 
in  some  cases  much  shorter  applications  should  be  U4ed,  especially 
when  the  galvanic  current  is  used. 

The  elcc  I  ro- physiology  of  the  ear  has  already  been  described  in  the 
section  oq  Electio-Physiology. 

ElectrthDiagHosis. — The  electro-diagnosis  of  diseases  of  the  ear  has 
been  specially  studied  by  Brenner. 

The  leading  idea  of  this  observer  *  is  that  the  reaction  of  the  auditory 
nerve  to  the  gahanie  current  is  variously  changed  hy  pathological  con. 
diiisns. 

The  normal  formula  has  already  been  given.  (See  Electro-Physiol* 
ogy,  |J.  1J2). 

The  difficulties  in  the  practical  application  of  this  method  of  electro- 
diagnosis  arc  very  great.  The  nonnal  formula  can  be  obtained  only  in 
a  ccrtiiin  proportion  of  cases,  and  then  oftentimes  by  painful  currents. 
Even  when  we  obtain  apparent  deviations  from  the  nonnal  formula, 
we  arc  not  always  sure  just  what  such  deviation  indicates,  either  in 
special  pathology  or  in  therapeutics. 

Changes  in  the  Reaction  of  the  Auditory  Nerve  in  Pathological 
Cases. — In  pathological  cases  the  normal  formula  niay  undergo  various 
changes. 

These  changes  in  the  reactions  that  appear  in  diseases  of  the  ear  may 
be  embraced  under  the  following  heads :  f 

I.  Hyperasthesia  of  the  nerve,  so  that  it  reacts  to  a  milder  current 
than  normal,  or  reacts  longer  or  more  powerfully.     Thi^  may  be  either 


•Zur  EleklropIiydoloeLc  und  ElclclroiMitholotpc  d«  Ncrvus  aciuticus.  Pclenburgh 
M«l.  ZellKhr,  BJ.  4.  p.  1S6.  1S63.  Alto,  Weitere  MUthellunfen  tur  Elelttro- 
otratTik.  Petcrjhurgw  Med.  Zelt^hr.,  Bd.  5,  p.  35,  1863.  And  more  reccntljr  u 
his  ptiblUbcd  work,  Untersuchungcn  ttnd  Beobachtungen  Auf  dent  Gebiete  der  El«k> 
lroiher»pit     Lcipjin;,  1S6S  ami  1S69, 

f  Bieniiet,  op.  u(.,  Baud  i.,  jt.  tSi  ct  «eq. 
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simple  or  complicated  with  qualitative  change  in  the  fonnttla,  or  with 
paradoxical  fonuula  in  the  ear  not  experimeDted  oo,  or  with  morbid 
subjective  sensations  of  hearing. 

2.  Chnitgf  in  the  formula  of  r<acHon  without  hyperesthesia.  These 
changes  arc  either  in  inversion  of  the  normal  formula,  or  deviadoos  of 
various  kinds. 

3.  Torpor  of  the  nerve  {aneesthesia),  so  that  it  does  not  react,  or  only 
to  a  stronger  current  than  normal. 

niustrativt  Fathehgieai  Cases. — Brenner  gives  the  following  illustra* 
tion  of  hyperesthesia  in  a  case  of  chronic  catarrh  of  the  middle  ear,  on 
both  sides,  with  difficulty  of  hearing,  much  tinnitus. 

The  reaction  was  as  follows : 

XX  go  KilS.K'. 

RlD.K.    od 
K«.0.— 
A.S.  — 
A.D. — 
A.O.k.> 

In  another  case,  where  there  was  great  difficulty  of  hearing,  with 
tinnitus,  that  had  existed  for  three  years,  and  demonstrable  anatomical 
changes,  but  in  which  a  central  disease  was  suspected,  the  reaction  waa 
as  foUowg  :* 

XX  so  KlS.K'. 

Ka.O.K.  •» 
Ka.O.— 
A.S.— 
A.D.— 
A.O.k.> 
Other  cases,  illastrative  of  changes  of  various  kinds,  wc  give  below : — 
Qya/itativt  tMangf.—\        Hyptratthena  vtitk  in-        Hypeneslhca'a  vriih  pt- 
U1»rer,  30  j^can  old ;  in-    vertien    f/    tht    normai    radnxiciU  .vnutiacs  tn  ear 
f«rmHla.\ — A  \nAf  of  60; 
a  b»oIuCe  ilc&rri«3i  to.  left  ear ; 
drum  depressed,  ihidcraed 
and  opa[]ue, 
$SL  Ka.-- 
Ka,D.— 
Kft-O.Pf.  > 
An.S.Pt 
An.D.Pi',  00 
AnO— 


tclligeni ;  deifons  and  tin- 
nitus on   both  sides  ftom 
diildhooi]  \     dram    doudjr 
and  thickened. 
XlOoKa,S,K'. 

Ka.D.K.oa 
Ka.O.~IUttlln;. 
A.S.  " 

A.D,  "  <a 

A.O.K.> 


not  tratcd4 

KntnaSaL 
XX  100  KA.S.K'. 
KA.D.K.  w 
Ka-O.  — 
A.S. 
A.D. 
A.O.K'.> 


tnated. 


K.> 

K'. 

k.> 


*Op.d[.,  p^90,  191. 

f  Erb  In  Archiv  Opblh.  and  OtoL,  vol  I,  Noi,  I,  p^  37a. 

%  BreoDCT,  <n>.  ct.,  Quid  i.,  p.  20$- 
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HlMttratit't  and  tyfifal  rate  ef  In' 
vtriien  c/  tJu  normal  ftrmula.^ — An 
officer,  )6  ynn  aid ;  from  hb  childhood 
completely  de«f  in  left  car ;  no  tinnitus ; 
no  demonstrable  cb&nge  in  dram ;  only  a 
pale  colCH* ;  ri^t  ear  nornul. 


Electii:  cjttmiatlMa  <rf 
left  (iliiouod}  oar 
pvM    llw     mvrrttd 

IXKslS.— 
Ka.D.  — 
KA.O.K. 
A.S.K'. 
A.D.K.> 
A.O. — 


Clectiic  KtmtaatAaa  tX 
rtH    Qicddiy}     cu- 

IX  Ka.S.K'. 
Ka.D.k.  > 
Kft.O. — 
A.S.— 
A.D. — 
A-O.k. 


Modifitaiivft  o/  tht  nvrmaj  formmU 
without  kyperaxthuia, — A  woman,  45 
years  ;  old  difiicalty  of  hcarinc  in  both 
cart ;  no  tinoitos ;  tome  dalncM  of  tbt 
drums. 

RiGirr  Ear  -■— 
XX  soo  Ka.S.— "  Chirping." 

Ka.D.  "        ifaoTt 

Ka.O. 

A.S,     — RoaHn);. 

A.D.  "         ahort. 

A.O.     — Indefinite  loonds. 
Left  ear  gave  eame  formuln,   except 
that  Ka.0.  gave  a  tlwrt  and  idighl  tow 
ing. 


The  above  case  of  the  officer  Brenner  regards  as  of  a  special  nature. 
The  patient  was  examined  by  a  number  of  aurists,  and  llie  inversioo 
of  the  nonnol  formula  in  the  diseased  car  was  decided. 

The  foUowiog  experiments  were  made  by  oae  of  the  authors  of  thU 
work  on  himself.  The  right  car,  00  whicli  the  experiment  was  made, 
has  for  twenty-five  years  been  affected  with  chronic  inflammation  of 
the  middle  ear.  The  drum  is  cloudy,  the  tube  pervious,  and  the  hear- 
ing  distant ;  at  times  he  had  been  troubled  with  tinnitns,  but  not  at  the 
lime  of  the  experiment.  The  objective  examination  of  the  ear  was 
made  by  Dr.  D.  B.  St.  John  Roosa.  The  experiments  are  giveo 
in  detail,  because  they  illustrate  a  number  of  the  peculiarities  in  regard 
to  the  galvanic  reaction  of  diseased  ears,  and  the  diiBculties  and  cou- 
plications  that  attend  the  investigation. 

The  internal  method  was  used  : 


10  StShrer*!  El.  Ka.S,~-No  reaction. 

Ka.D, — Snme  ninblinc, 
made     evidcDtly     b/ 
prcssoicof  cleclrode.f 
Xa-O. 

Aq-S.^No  reaction. 
An.D.— "         " 
An.O.— "         •• 


19  El.  Ka.S.— No  reaction. 
Ka.D.— "  " 
Ka.O.— "  " 
An.S.  —  "  " 
An,D.— "  " 
An.O.— "  " 
Feeble  Da&bcs  of  light  were  obserred. 

Tbc  ruinbllnj;  of  a  diiuuit  catrli^  for  a 

mament  was  mUtaken  for   tbe  cathode 

do  ting  react  ioo. 

•  Brenner,  L  &,  p.  319, 

f  In  order  to  prevent  deception  on  this  point,  tbe  finger  was  prcsied  on  the  tr«{a% 
nd  found  Cq  produce  the  same  apparent  wniation  of  rumbllog.     The  apfomtor 


PATHOLOGICAL  CASES 


59S 


i6  El.,  tCi  S.— Vc  renctioa 

Ka.O. — HUsing  in  (he  other  car ;  (paruloxlctl  reictica). 

Ka.0, — Same  for  a  tnomenU 

An.  S.  — Hiuing. 

An.  D. — SAine.  > 

Ali.0. — Ni>  reaction,  but  hUofig  in  olher  ear. 
Stranger  (Ushe*  of  light ;  dizEinaa ;  subjectivt  ioailds  in  can  Tor  tome  minute 
ttivr  trcatnwnt. 


3D  EL  Ka.5. — Slight  roaring. 
Ka.O.> 

Ka.O,— No  read  ion. 
An.S. — Load  hissing  (seething), 
An.D. — Same.  > 
An.O. — No  reaction. 
Conadcrable     pain     in   car ;     much 
ttroagct  Rashes  and  diutnc«;   metallic 
lute;    burning    in    wriil    of    the    hand 
holding  cathode, 
Th«  rheostat*  was  now  brongbt  Into 

■H. 


Rheostats — Qoo^S^tm  roaring. 
700—    "         " 
800—    "         " 

900—    ■■         *'  still  pain. 
l,OOCy— Nfuch  lew  roaring,  and 
hisdng  in  other  ear  much 
ina. 
Ka.0.— No  reaction. 
The  anode  reaction   with    the   ic^ 
tances  of  the  rlieo^tale  vrx%  as  follows  : 
Ad.S. — Very  loud  hiuiog. 
Aa.D,  00  and  How  of  ullva. 


Z4£l.  K.S. — I^w  rumbling  and  hi»ing   Rheostate — too— Very  loud  hiniiig. 


in  other  ear ;  very  great  p-nin ; 
perspiration  on    forehead,   and 
rouicular  contractions. 
Ka.1). — Same, » 
Rheostate — 100— Same  roaring. 
200—    ••         « 
300— Len       " 
^00—  '•         •* 

5oi>—  "        "  len  pain. 


aoo—  '■      " 
300—  "      " 
4qo-Lngd 
500—   •» 
600— LMi 
700—  " 
Soo—  " 
900—  " 
1,000— Much  leas 


Concerning  die  above  case  it  may  be  remarked  ; 

I,  The  deviation  from  the  normal  formula  wjls  iinmistakabte.  Tbe 
anode  reaction  was  very  decided,  there  was  no  possibility  of  a  niisUkc. 
The  chief  difficulty  was  with  the  cathode.  A  low  rumbling  or  roaring 
was  all  the  rcaclion  thai  could  be  olitained  with  Ka.S.  or  Ka.D.  and 
that  only  when  many  elements  were  ueed. 

3.  The  accompanying  phenomena — dizjdness,  pain,  contractions  of 
the  facial  uuisclcs,  metallic  taste,  flow  of  saliva,  perspiration  on  fore- 
head, burning  and  contraction  of  the  muscles  of  the  hand  holding  the 
electrode — were  present,  but  did  not  interfere  with  the  observation  of 
the  reaction  of  tlie  nerve.     It  is  just,  however,  to  remark  that  this  in 

BMd  in  this  experiment  had  no  current  revener,  conte^nently  it  wu  oeocmi;  to  cofr 
tbnually  move  the  electrode  to  and  from  the  (ragufc 
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dividaal  baa  been  accustomed  for  many  years  to  cxittnaient  on  himself 
with  electricity,  and  ibereTore  would  be  Utile  liable  to  be  annoyed  or 
distracted  by  their  incidental  phenomena ;  yet  even  he  was  deceived 
momentarily  by  the  rumbling  of  a  distant  wjgon.  Constriction  of  the 
throat,  of  which  some  complain,  was  not  experienced. 

The  foUoning  patbobgical  case  is  at  double  interest,  since  beneflt 
to  the  hearing  seemed  (o  result  immediately  aTter  the  galvanic  exauu- 
nation. 

CA«B  CLXVIt,—G.  K.  B.,  aged  iS,  luul  from  hU  cAily  boyhood  liuffcrcd  from 
chiook  ulccraliun  of  lh«  tncmbnna  ly m)Mini  with  (li«diar|;«.  In  ttii;  left  ear  the  <)rDin 
had  disappeared.  The  watch  coold  be  hconl  only  on  prcuure.  There  was  no  Unniliu> 
The  Eostacbiui  tube  was  pervioui. 

Three  years  before  the  right  car  had  bees  B«iilarly  afTectcd,  and  bad  «ntinly  re- 
corcred  under  the  influent  of  treatment,  to  thu  the  dischargs  Maacd  and  the  beariac 
was  nonnal.  At  thai  lime  Vt.  &i.  John  Kowa  law  ihe  case  in  coawliatlon  and  coft* 
firmed  the  dia^ow 

Augnst,  i8;o.    The  patieoi  again  eonBuIled  us  (or  hb  tight  ear,  which  we  found  fai 
tile  condition  describetj,  and  which  wa«  lirailar  to  thai  in  wliidi  we  l»d  found  it  thn* 
yeats  before.     At  thii  lime  we  decided  to  test  the  gaUaiuc  leaeliOD,  which  we  wa« 
able  to  do  wiihoui  difficulty,  l>y  the  cxicmal  method. 
The  remit  wai  as  follows : 

8£Ii  Ka.S.        Some  rumbling. 
Ka.D.  " 

Ka.O.        No  leniallon. 
An.S.        Rumbling. 
AnJ).  •* 

An.0.  No  MDHltiOD, 

With  ten  and  twelve  clement*  there  wat  the  nme,  btit  loader,  and  with  C^>tMB 
dementi  a  toonA  like  Ih-c  tinging  nf  a  large  beU,  reaction.  When  rixtcen  etemests 
wete  u«ed,  Ihe  patient  ekperienced  a  senulion  of  ldujn([  with  An.S.  and  An.D. 

After  various  cliani^  of  the  current,  a  less  number  of  elements  brought  a  decided 
rea<;lion.  In  order  to  see  whether  the  patient  deceived  hlmiiclf,  or  whether  the 
sounds  were  prodacedby  tha  >citali(in  of  the  water  In  the  ear,  we  applied  the  electrode 
to  the  tragns,  when  discDnnccted  from  the  biltery. 

Immedtalely  nrier  the  dtting  the  patient  »id  that  hecould  hear  convemtion  belter. 
The  week  fotLuwing  the  sajne  experiment  produced  Ihe  tame  recall.  Uuring  the  in- 
terval magncua  Itad  been  blown  into  the  ear  In  conudcrablc  quantities,  so  as  to  in- 
terrcrc  somewhat  with  the  hearing  power  ;  Tor  that  reason  It  was  impouiliJe  to  dets> 
iniiie  wbethei  llic  imptovemciil  w-J»  peiitianenl. 

Diuines  ill  tbiii  patient  wat  very  ntarliod  and  bulled  by  terms  for  several  days. 

General  Therafeutieal  Results  of  Eleelrical  Treatment  of  THseasei 
of  the  Ear. — Ir  the  United  States,  cures  of  deafness,  without  r^ard 
to  the  patholog]  on  which  the  symptom  of  deafness  depends,  have  oo 
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casionally  b«ea accomplished  by  uiieducaied  empirics,  whti  bave  trealct' 
all  forms  of  disease  of  the  car,  from  inspisi^leil  cerumen  to  disease  of 
Oiu  auditory  nerve,  by  soiqc  unscientific  and  unilbmi  method  of  faradt- 
aation. 

Duchcnne  reports  one  case  by  faradization  of  hysterical  deafness 
of  many  months'  standing ;  one  caused  by  quinine ;  one  consecu- 
tive to  an  eruptive  fever;  ono  following  measles;  one  of  twenty 
jrears'  standing.  Several  cases  of  nervous  dcaf-muteism  vett  also 
improved. 

The  conclusions  to  which  he  arrived  are  as  follows :  * 

I.  '*  That  nervous  hysterical  deafness  is  generally  caused  by  elec- 
trical excitation  of  the  thorda  tympani  and  movements  of  the  chain  of 
Utile  bones." 

a.  "That  cases  of  nervous  deafness  consecutive  to  eruptive  and 
continued  fevcri  have  been  cured  by  the  saine  treatment,  even  tliough 
they  luLve  been  of  long  standing,  and.  from  the  fact  of  their  resistance 
to  ordinary  rcmetlics,  have  appeared  to  be  incunibie." 

3.  "  That  probably  the  therapeutical  action  of  the  process  of  fara- 
dilation  is  chiefly  due  to  the  undulations  of  the  labyrimhine  liquid 
produced  by  the  movements  of  the  chain  of  little  bones,  and  conse- 
quently of  ihK  fenestra  ovaii.'* 

4,  "That  electric  exploration  of  the  ear  furnishes  no  pathogno- 
monic sign  which  permits  the  progno^  of  incurability  of  the  deaf- 
ness," 

Subaeute  and  Chronie  Infiammatitm  of  flu  Middle  Ear. — As  fat 
as  we  can  judge  from  our  own  observations,  old  cases  of  chronic 
inflammation  of  die  middle  ear,  where  the  hearing  power  is  so  much 
impaired  that  a  watch  can  be  heard  only  on  pressure,  offer  an  uih 
favorable  prognosis. 

The  best  results  are  obtained  in  those  cases  that  are  just  passing 
from  the  subacute  to  the  chronic  stage.  We  are  inclined  to  the  belief 
that  the&e  results,  when  they  do  occur,  are  brought  about  by  the 
mcehanicai  action  of  the  Jaradic  mrrtnt,  en  the  adhesions  within  the 
middle  ear.  in  some  even  long-standing  cases  of  chronic  inflammation 
of  the  middle  ear  temporary  Improvement  of  hearing  imiiiediately  fol- 
lows faradization  or  galvanization. 

Tinnitus  Aurium. — The  very  frequent  and  very  distressing  symptom, 
tinnitus  aurium,  and  which  accompanies  so  many  of  the  morbid  processes 
in  the  auditory  apparatus,  Is  not  relieved  by  electrical  treatment  as  tmi- 

*  TrealUo  00  Ducaags  of  the  Exr.  TraiuUtcd  and  edited  by  Dr.  B.  St.  Johi 
Roott.     Second  AinericaD  ctlition,  tti^c^  pp.  t,oij,  1,03a 
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forraly  &s  A  priori  reasons  vould  lead  us  to  cxiicct.  The  capridotisncs* 
and  uncertainty  of  the  results  in  such  cases  are  partly  to  be  explained  by 
the  fact  that  tinnitus  aurium  is  a  ^niptom  of  such  diverse  and  somclitnea 
undiscoverable  pathological  conditions.  Local  galvanization  by  the 
external  method,  or  galvanization  of  t)ie  sympathetic,  sometimes  avail 
for  the  temporary  relief  of  this  affection,  and  in  some  cases  a  luore  or 
less  permanent  cure  is  obtained. 

(Galvanization  of  the  cervical  sympathetic  affects  the  ear  just  as  it 
affects  the  redna,  through  modification  of  the  circulation  in  the  brain. 
Dr.  Kuuibold,  of  St.  Louio,  reports  two  cases  of  tinnitus  auiiain,  in 
which  local  galvanization  was  of  great  service.* 

With  reference  to  the  therapeutical  value  of  the  galvanic  current, 
especially  in  the  treattncnt  of  diseases  of  the  ear,  Brenner  f  and  Ha- 
gen  J  substantially  agree  to  the  following  propositions: 

1.  The  galvanic  current  is  indicated  not  only  for  those  cases  where 
no  morbid  changes  can  be  diagnosticated,  but  also  in  all  cases,  howevet 
complicated,  in  which  the  abnormal  reaclioa  to  the  current  &bow&  that 
the  nerve  participates  in  the  di^eaie. 

3.  1'he  galvanic  treatment  may  aid  in  the  absorption  of  morbid 
deposits. 

From  our  survey  of  the  literature  of  the  subject,  and  from  our  own 
comparative  observations,  we  are  justified  in  these  two  conclusions  : 

First.  The  galvanic  current  is  on  the  whole  of  greater  scr»-ice.  and  \% 
of  greater  promise  in  the  electrotherapeutics  of  the  ear  than  ibe  faradic. 

Second.  The  results  obtained  in  the  electric  examinations  are  not  udi- 
form  or  always  reliable  guides  to  the  special  method  of  treatment  that 
it  is  best  to  adopt 

Reasoning  d priori^  it  would  be  inferred  that  the  reaction  of  hyper^ 
asihesia  would  call  for  treatment  by  the  anode,  and  the  reaction  o{  tor^ 
/Wr  {anesthesia)  for  trcatraeiit  by  ih^  taihode ;  but  experience  shows 
tliat  there  is  no  uniformity  to  this  law. 

Moos,§  in  the  remarkable  case  to  be  hereafter  cited,  found  that 
tlie  cathode  at  one  time  exercised  a  temporarily  beneficial  influence  on 
the  subjective  symptoms,  which  usually  disappeared  only  under  the 
anoHe. 

Erb||  also,  in  case  of  *^  simple  hyperesthesia  of  the  right  auditory 

*  Archives  of  Eleclrology  and  Neurology,  May,  1874. 

f  Op.  cic.  Band  L,  p.  26J, 

tPfaktiwlie  BchriL^c  lur  Ohrcolicjlkaiide.  Lelprig,  1S66,  [h  a^ 

§  AichtrcB  OphtboL  and  OtoU,  vol.  i.,  No.  s.  p.  4SS. 

I  Archives  Ophthol.  and  Otol.,  vol.  L,  No.  t,  p.  a& 
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nefve"  with  "inversion  of  the  normal  femiula"  found  that  Uie  tinuitus 
was  quieted  by  the  closing  of  the  cathojc  (K3.S.)and  not  by  the  closing 
of  the  anode,  as  would  have  been  expected. 

StiU  further,  tt  is  not  demonstrated  that  in  raany  of  the  cases  of 
hypenesihesia  that  were  successfully  treated  by  the  anode,  or  of  torpor 
(anxsthcsia)  ihat  were  successfully  treated  by  the  cathode,  the  results 
might  have  been  equally  or  more  successful  if  the  poles  had  been  re- 
versed. The  conclusion  is,  therefore,  that  while  the  general  law  laid 
down  on  page  281,  that  the  positive  pote  it  on  Ifu  whole  the  more  eatm- 
ing  and  the  negative  the  more  irritating,  applies  to  the  auditory  nerve 
aft  to  other  parts  of  the  body,  yet  it  b  always  liable  to  many  real  or 
apparent  exceptions,  and  in  the  present  state  of  our  Icnowlcflgc  the  nile 
can  never  be  made  an  absolute  or  uniform  guide  in  the  electro-tltera- 
peutics  of  the  ear. 

Brenner*  details  eleven  cases  of  diseases  of  the  ear  treated  by  the 
galvanic  current 

In  one  case  of  thickening  of  the  drum,  the  current  caused  ab- 
sorption. 

In  one  case  of  h3rpeKesthesia,  with  tinnitus  aurium  and  anatomical 
changes  in  the  middle  car,  the  tinnitus  was  rapidly  cured. 

In  one  case  of  hypenesthesia,  after  the  use  of  quinine  there  was 
recovery. 

In  one  case  of  hypcrxslhcsia,  with  tinnitus  aurium  and  catarrh  of  the 
middle  ear,  the  tinnitus  was  cured. 

In  one  case  of  obstinate  subjective  symptoms  of' various  kinds  there 
was  improvement  under  great  difficulties  of  application. 

In  one  case  of  noises  in  the  head  and  ears,  of  ten  years'  standing, 
with  ioiportaot  anatomical  changes  in  the  ear,  there  was  improveincDt 

Of  deafness,  two  cases  were  improved,  one  was  much  improved,  and 
one  was  cured.  The  case  whidi  recovered  was  one  of  facial  paralysis, 
with  anomalous  rcaccion  of  the  auditory  nerves- 

In  all  the  cases  there  were  anatomical  changes. 

In  some  cases  the  treatment  was  quite  persistent 

Jlysterieal  Dea/ness. — When  deafness  depends  on  simple  hysteria  tne 
results  of  electrical  treatment  may  be  very  brilliant. 

Dr.  Moos,  of  Heidelberg,  lias  published  a  case  of  recovery  fioui 
deafness  imder  the  influence  of  the  galvanic  current,  which  is  the  most 
remarkable  of  any  which  have  been  sdentilically  reported. 


"  Op.  cit.  Band  i.,  3  Abth.,  p,  333  vl  Hq.     Brenner  >Iio  meoilons  the  bet  that 
be  foiled  in  levenlccn  caict  ot  tknicui.     Loc.  dt.,  |h  233. 
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Cash  Ct.X  VIII. — The  patient,  a  lady  of  ninelMn.nr^  an  attack  orociitc  arliculMr 
rlicumatifim  (Feb.  9,  IS69J,  was  takca  with  6ym\)laiMot  aeute  imtfrfrania/ if iuijr  t>/ 
an  kyiterical ckar otter .  She  became  camplclely  deaf  fat  noito,  muucaJ  nr>tcs,  and 
lipeech,  luid  for  xcvcral  weeks  it  hrcamc  necessary  to  coininuRi<:»(c  «riih  ihc  patient  by 
writing.  TliU  deafness  was  \>mx^^hy  oitMrmal  s/MjitiveneJi  a/  thf  rar,  eutt  Jii* 
neifing  (uutenest  of  htaring.  Tvro  weeks  itfterwardx,  tlie  ninth  kvA  of  licr  kick- 
ncsB,  the  scniiilivcnea  had  diininiahed,  and  her  fleafnea  was  afasolutc  In  th«  elevenrh 
ftud  twelfth  weeks  of  tbc  disease,  she  began  to  oaBex  trotn  hytterta  or  tfiUftit  ailaek^t 
lAMiag  from  a  half  to  one  and  a  half  hoars,  from  one  lo  three  limes  a  day.  Tbeie  at- 
tacka  were  accompanied  by  Iota  of  consciouaiici^  tclnnuiy  clonii:  cramp*,  and  puaa  ia 
the  back  anil  abdomen.   There  wan  ahio  umilalertd  hyferaslhttia  uf  the  valp  and  face. 

ITiesc  »ytnptotn*  were  vanoiuly  treated  by  the  gaU-anic  current.  The  patient  waa 
trexied  with  the  galvanic  cuircal ;  at  firu  daily,  from  May  toth  to  Jnly  27ih. 

At  first  there  wai,  as  ha^  been  ttatedi  a  fe«hlc  reaction  to  the  cBrrent.  Thti  wu 
followed,  tn  a  few  day\  by  timpU  kyptraitkeiia,  combined  with  a  fara4»Kit^  rt* 
tutioH  ii)  the  ear  not  treated,  and  laally  hypcncsthc^ia  tiHlh  qttaliiativt  thangt. 
When  the  ciirc  was  complete  the  normal  formula  of  lirenner  appeared. 

On  the  eleventh  day  of  the  trealinenC  the  patient  heard  her  own  voice  in  the  left 
ear,  immtdiaUfy  after  tht  gahunie  treatnifnt.  Noises  la  the  ear  appeared  which 
were  treated  by  the  anode.  On  the  18th  and  34th  of  June.  cundtictiiHUly  of  the 
•ones  was  noticed  for  Ihc  first  time^  July  12th,  two  monihs  from  the  tx^iiuiui4>  of 
the  ticatmcnl,  the  patient  could  hear  the  watch  on  the  right  side  10  feott  on  the  ieft  9 
feet.  The  treatment  now  cauwd  diuincst,  which  made  it  ucccvmry  to  give  looger 
interval*  duriu};  the  a^ancei,  and  il  was  found  ncccisary  to  lue  very  weak  curreata.. 
The  patient  wax  now  xenl  to  Iltnck  Forest,  where  in  ux  wcckt  »hc  fully  recovered. 

On  the  39th  of  April,  Dr.  Moos,  an  experienced  aurist,  who  had  onc«  before  ca- 
anined  llie  patient,  came  10  die  conclusion  that  there  ihm  perfeef  paralysis  of  h^th  • 
auditory  ntrofs.     The  tUttrU  txamimtfton,  made  on  the  ^Ch  and  loili  of  May,  gMW  j 
the  following  result  >• 

KightKar.     10  CL  900CR.*  K.S.  —linly  whining  nsod. 

K.D.  — Sane  gradiuUy  dls^ipcariae. 

K.O.  —No  remit. 

An.S.—  "       •■ 

Aa.D,— "      " 

An-O.— "      " 
I.EFT  Ear.      10  el    400  cR    KS.    — Scratching  of  a  violin. 

K.D.  — The  same,  luting  a  diort  time. 

K.O.  —None. 

An.S " 

An.!*.—    •• 

Aft.O.—     " 

TJie  ears  were  differently  aflecied.  Oa  the  right  side  there  w»*  "  poralyria  of  th« 
auditory  nerve,  paralyuiof  the  icnie  of  touch,  as  well  as  paralysis  of  the  trophic 
Dorv^  dectihitut  of  the  right  condia."  On  the  left  lide  there  was  "  paxalyss  of  ih« 
I  of  bearing,  long-continued  hyperxsthena  of  the  nerves  of  Couch." 


*  Realstanoei  of  ibe  rheottatc 
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Concerning  this  case  wc  may  remark  : — 

1.  It  wasunqucsrionablya  caaeof  /iystfria,oi  which  the  rheumatic 
affection  was  ihc  exciting  cause.  Very  likely  sntne  of  the  cures  of 
deafness  obtained,  now  and  then,  by  elecCrizatioQ,  are  of  a  similot 
character. 

2.  Although  the  element  of  time  should  not  be  ignored,  yet  tlie  re- 
covery was  mainly  due  to  the  clcctricat  treatment.  This  is  (iroved  by 
the  immediateness  and  rapidity  of  the  results. 

3.  The  case  estahlishi-s,  so  far  as  a  single  case  can,  the  subslantial 
correcLueiaS  of  the  main  propositions  of  Brenner. 

4.  It  is  not  demonstrated  that  the  exclusive  use  of  either  pole  was 
necessary  to  obtain  the  result,  and  it  is  entirely  probable  that  the 
faradic  current  might  have  been  of  more  or  less  service. 

Deafnns  foUowing  Cerebrospinal  Fever. — Our  own  experiments  in 
the  electrical  treatment  of  deafness,  following  cere bro- spinal  fever,  have 
been  entirely  unsatisfactory. 

Moos*  relates  a  case  uf  cerebro-spinal  meningitis  tliat  was  followed 
by  complete  deafness,  that  gradually  improved  so  that  he  could  heai 
one  or  two  feet.  The  patient  was  troubled  witli  tinnitus  auriunt  and 
aUo  with  headache  and  vertigo.  With  the  right  car  he  heard  nothing  ; 
with  the  left  ear  could  hear  the  voice  two  feel.  Temporarily  the  anode 
produced  a  diminution  of  the  subjective  noises.  After  twenty-two  sit- 
tings the  hearing  power  was  raised  to  eighteen  paces ;  the  noises  and 
giddiness  were  much  diminished. 

Chronic  Suppuration  of  the  MiddU  Ear. — Wc  have  experimcnied 
somewhat  in  the  treatment  of  cluooic  suppuration  of  the  tuiddle  ear  by 
the  local  use  of  the  galvanic  current.  The  experiments  were  made  both 
in  private  practice  and  at  the  Brooklyn  Eye  and  Ear  Hospital  in  con- 
nection with  Drs.  Matthewson,  Newton,  and  Prout.  The  theory  on 
which  the  eicpcrimcnts  were  based  was  that  ulcerous  conditions  in  the 
car  might  be  treated  electrically  just  like  similar  conditions  in  other 
parts.  Ulcers  on  the  mucous  membrane  do  not  yield  as  readUy  to  elec- 
trical treat  me  lit  as  ulcers  on  the  surface  of  the  body,  and  do  not  bear 
electricity  as  well;  they  arc,  however,  somewhat  stisccpliblc  of  elec- 
trical treatment,  as  is  shown  by  experiments  in  chronic  urethritis  and 
granular  lids. 

The  method  of  treatment  adopted  in  these  experiments  was  to  insert 

an  electrode  virith  a  long  narrow  extremity,  covered  with  a  little  colion, 

into  the  auditory  canal,  through  a  rubber  speculum  ;  the  canal  being  filled 

with  tepid  water.     The  electrode  is  usually  connected  with  the  negatite 

*  Archives  of  Ophlhibnology  and  Otology,  vol.  ii.,  No.  I.,  p.  jja. 
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pole  of  the  galvanic  cuircot,  though  sometimK  with  the  positive  pole. 
The  circuit  is  completed  by  the  hand  of  the  patient  holding  a  sponge 
electrode  or  resting  on  a  stationary  electrode.  Only  very  weak  cur> 
rents  and  very  short  applicatioos  are  borne,  and  it  is  almost  in^is- 
pcDsabIc  to  have  some  kind  of  ilieo»tale,  so  that  the  current  may  be 
gradually  »hut  on  or  off. 

Under  this  trca[ni<-nt  the  character  of  the  discharge  changes,  and  in 
some  cases  the  recovery  was  certainly  more  rapid  and  satl&factory  than 
it  wDflld  have  been  without  it.* 

*  VUe  Dr.  Room,  TraUM  oo  Disosa  of  Uw  Em,  p.  377. 
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MIDWIFERY. 


Thi  use  of  electricity  in  midwifery  was  first  rccocnmcDded  by  Ber- 
(holon  and  Herder  (tSoj).  Kilian  afterwards  used  "galvanic  obstetri- 
cal forceps,"  made  of  two  mefaK*  Faradic  currents  were  first  used 
for  bringing  on  labor-pains  by  Htenigcr,  Zyly,  and  Jacoby,  of  Neustadt, 
ID  1844.  Since  that  liiae  the  same  agent  has  been  used  for  this  jjurjiose 
by  Frank,  Dcmpscy,  Barnes,  Mackenzie,  Tyler  Smith,  Radford,  and 
others. 

The  indication  for  the  nse  of  the  current  in  midwifery  is  declared  to 
be  an  adynamic  condition  of  the  litems,  when  other  conditions  are 
favorable  for  or  necessitate  immediate  delivery.  Dempscy  records  a 
ca^e  n'hcre,  after  ergot  in  large  doses  had  failed,  faradization  for  forty 
ininutei  produced  uterine  contraclions  that  resulted  iii  tlie  delivery  of 
the  child.  _ 

Frank  reports  a  case  of  miscarriage,  from  a  fall,  in  which  faradiration 
produced  contractions  of  the  uterus,  and  stopped  the  very  profuse 
hemorrhage  Mackenzie  succeeded  in  stopping  the  hemorrhage  in  two 
cases  of  placenta  pisevia.  In  one  case  the  current  was  applied  for  ux, 
and  in  the  other  for  three  hours-f 

These  observers  claim  that  electricity  acts  more  quickly,  more  uni- 
formly, and  with  less  injurious  effects  than  ergot  J 

Both  M.  De  Saint  Germain  and  Triplet  are  highly  in  favor  of  fara- 
dization in  the  last  stages  of  delivery.  When  the  labor  has  fairly  begun, 
the  pains  coming  dd  at  intervals  of  about  a  quarter  of  an  hour,  Tripier 
faradizcs  the  lumbar  region. 

Uterine  contractions  soon  follow  and  occur  more  frequently,  while  the 
dilalation  of  the  neck  takes  place  rapidly.  In  cases  of  confinement  M. 
Tripier  always  faradizes  the  lumbar  region  by  naeans  of  two  electrodes, 
and  Eomecinies  he  applies  one  pole  directly  to  the  uterus.     According 

•  Meyer,  op.  ch.,  p.  45a. 

t  Qaoted  bj  Mej'er,  op.  dt.,  p.  45a. 

t  SimpwQ  ■ad  Scuizooi,  ofl  tbe  olhet  hutd,  deny  the  aliUty  of  clectndty  la  old* 
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CO  bis  account  the  placenta  is  expelled  immediately  after  the  fuetus,  and 
alUiough  it  was  evident  (hat  the  child  felt  the  current,  not  the  slightest 
injury  has  ever  been  inflicted*  During  the  last  two  or  three  years 
there  has  been  a  revival  of  interest  in  the  use  of  faradisation  in  mid- 
wifery. Quite  a  uumbei  of  observers  in  differeul  countries  have 
Ecported  good  results. 

Dr.  A.  Murray,  of  this  city,  informs  us  that  he  has  treated  eighty- 
two  cases  of  inertia  uteri,  in  second  stage  of  labor,  by  external  faradi- 
zation, and  always  n-ith  good  results. 

He  states  that  it  acts  much  more  speedily  than  ergot.  His  method 
is  to  pla.cc  one  pole  on  the  sacrum  and  the  olher  over  the  abdomen. 
'I'he  applications  aie  continued  for  from  eight  to  ten  minutes. 

PoU-Partum  Jlemorrhage. — Faradiaation  has  also  been  used  with 
good  effect  in  post-]\tr(uin  hemorrhage.  It  rapidly  produces  contrac- 
lion  of  tlie  uterus,  and  thus  may  save  the  life  of  a  patient. 

It  is  to  be  applied  the  same  way  as  before  delivery. 

Some  obstetricians  alwayii  have  a  faradic  apparatus  on  band,  in  case 
of  parturition. 

Diseases  of  tht  Mammary  Gland — DeJidffU  Lacteal  Secretion. — 
Secretion  of  milk,  may  bo  increased  by  electrization.  Two  mcthcxis 
of  faradiiration  have  been  proposed,  one  by  means  of  moist  electrodes 
on  the  glajid,  the  other  by  dry  electrodes,  with  a  view  to  exdte  the  se- 
cretion of  the  gland  by  reflex  action. 

Successful  cases  have  been  reported  by  Aubeit  and  BecqucrcKf 
Aubcrt  cured  one  of  his  cases  by  dry,  the  other  by  moist  electrodes. 
In  the  first  case  the  patieut  had  no  milk  three  weeks  after  parturition. 
After  a  delay  of  seven  months  the  treatment  was  applied.  The  third 
application  brought  on  a  milk-fever;  after  the  hfth,  milk  appeared.  In 
the  other  case  the  mutlier  was  attacked  by  pneumonia  11}  months 
after  confinement.  As  a  consequence  the  lacte.il  secretion  ceased. 
l-'our  faradizations  with  moist  electrodes  dllcd  the  breasts. 

In  Becquerel's  case  recovery  was  obtained  by  three  applicatioos. 
Similar  results  have  been  obtained  by  other  observers. 

Dr.  Skinner,  of  Liverjiool  (quoted  by  Allhaus),  reports  a  case  of  a 
lady  who,  white  nursing  her  fifth  child,  suffered  complete  suppresuon  of 
the  lacteal  »ecretiotk,  which  llie  Doctor  attributed  to  tlie  tincture  of  iron 
she  was  taking.  He  applied  the  current  (probably  the  faradic,  which, 
on  accoimt  of  its  greater  mechanical  effects,  would  be  more  indicated 
in  such  cases)  to  the  left  brc3<vt.  The  patient  felt  a  rush  of  milk  to  the 
lirea.st,  and  in  a  few  hours  a  full  supply  appeared. 

*  Journal  de  KlfJednc  f  Quoted  bjr  Meyer,  op.  dt.,  -^  45 1  and  4  jx 
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The  right  brcasl  had  not  been  used  for  some  time,  on  account  of  a 
prc^Hous  abscess.  As  a  new  experiment,  the  Doctor  noade  two  aiiplica- 
tions  of  five  minutes  c^ch  to  this  breast,  and  brought  od  as  much  milk 
as  in  the  other. 

fiermoHeHt  imertatt  itt  tJUlaettal  tecrtthn  ttmdtr  gtnfraJ  and  Ixitliud/araJiuUhH. 

Case  CLXIX. — Wn. ,  who  w«%  nursing  het  second  child,  submitted  to  fara- 

^iution  for  the  relief  of  nttvou*  praHration  anJ  inwimiib 

The  fluw  of  milk  wM  «cinty  ;  quite  buuflicient  for  the  proper  nouriAment  o(  the 
child.  Ijnilcr  (he  influence  c>f  gcncttti  £iiriiilixatian  ttie  paiicnt  «ion  italoil  that  ibe 
IMoiigki  her  milk  u'a.t  viniewhni  iikjic  aliiindant,  Vijd  in  Kiilise'iocnt  sifRiicct  lire  inritria* 
biy  enJttt  by  localiiing  the  curreDl  In  butli  btexsis.  Tiie»  atteiapLs  resulted  in  tadh 
a  decidc<t  inicretLw  in  the  amount  of  milk  Mcrcteil,  ihat  the  inf-uic  foi:nd  suffident 
nflurifthmenl  from  the  brcniC  withaiil  reporting  to  nrlifid&l  food. 

It  ib  worthy  uf  comment,  that  the  left  brcasl,  which  vf»s  almost  dry  at  the  begin- 
fi'ii£  uf  licatmcnl,  6niiUy  secreted  mote  flbondanlly  thun  Itie  right. 

Dr.  A.  Mumy  informs  us  that  he  has  tried  faradization  as  a  galacta- 
gctgiie  in  thirty-seven  cases.  He  found  it  efBcacious  tn  about  two-lhinls 
of  the  cases. 

Sere  Nipples. — Sore  nipples,  like  ulcers  and  fiatute  in  general,  may 
be  treated  electrically  by  eilher  current,  but  the  galvanic  is  preferable. 

Different  forms  of  galvanic  nipple-sJuelds  have  been  devised.  Thc^ie 
act  like  ihc  electric  disks,  and  other  body  batteries. 

Dr.  A.  Murray,  of  this  cit)-,  has  devised  a  galvanic  nipple-shield, 
which  he  tiuds  very  valuable.     It  is  composed  of  silver  and  zinc.    It  is 
of  the  shape  of  a  percussion  cap,  and  the  size  of  a  small  thimble.     This 
shield  is  kept  in  sita  by  strips  of  adhesive  plaster.     The 
milk  trickling  down  the  breast  msy  offer  sufficient  moist. 
ure  to  excite  galvanic  action  ;  or  a  small  piece  of  moist- 
tened  lint  may  be  interposed  between  the  nipple  and  the 
shield     Dr.  Murray  claims  that  when  this  shield  is  worn 
for  several  hours,  the  excoriations  rapidly  heal. 

He  also  uses  this  shield  as  a  prophylactic,  and  for  this 
purpose  recommends  it  to  he  worn  two  or  three  hours 
daily  for  two  weeks  or  so  before  confinement. 

Rohland,  of  this  city,  has  devised  a  galvanic  nipple-shield  of  a  differ. 
ent  construction. 

Extra- C/terine  Pregnancy. — In  the  first  case  of  extra-uterine  preg- 
nancy which  it  was  the  fortune  of  Dr.  Rockwell  lo  treat,  he  was  asked 
b>  Dr.  T.  G.  Thomas,  one  \A  the  consulting  physicians,  whether  it  was 
]i03sible  to  readily  destroy  the  life  of  the  foetus  by  the  electric  current. 
He  replied  that  it  could  undoubtedly  be  done,  but  the  important  tjues- 
tion,  it  Kerned  to  him,  was  whether  it  could  be  accomplished  without 
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injury  to  the  mother.  This  q,uestion  was  ansvered  in  (he  affirmative' 
by  Ihe  results  that  fullowed.  The  case  was  one  of  ti)bo-intcrstiti.il 
pregnancy,  at  the  third  month,  and  terminated  favorably  by  the  expul- 
sion of  the  fuetus  and  placenta  through  the  uterus,  'fhc  history  of  this 
intcresliiig  and  remarkable  case  was  carefully  written  out  by  the  at- 
tending physician,  Dr.  Charles  MclJumey,  and  published  in  the  AVw 
}WJk  Medica!  Journal,  vol.  xxii.,  No.  5.  At  the  sanic  time  Dr.  Thomas 
took  full  notes  of  the  case  also,  and  as  they  fully  substantiate  the 
diagnosis  as  first  made  by  Dr.  McBurncy,  and  which  was  ijuestioncd  by 
some  journals  after  the  api^earance  of  his  article,  wc  arc  glad,  with  Dr. 
Thomas'  permitisiun,  to  give  them  as  follows : 


Cau  ef  tt^»-imtfruUUt  fftgnaitiy  UfiH'mat'tHg  fm«r^fy  fy  exfmhiam  of  /whu 

at-l piMeiita  thwug.h  the  uterm. 

Cask  CLXX.— On  the  tecond  of  Jjuio»ry,  187S,  I  wi$  r«i««ed  by  Dr.  ChurlM 

McBumey  to  wc  with  him  Mrs.  A ,  >  prtmipara,  nged  xi  ycar«,  wf»  had  been 

inuiied  un  cIm:  nth  of  Oi-tiilicr,  1S77.  an'l  had  been  alt  her  tife  iu  perfect  hcaUb, 
Sbfi  had  tneiutntated  for  the  lut  limc  in  October,  from  the  i»  to  the  5lh.  and  at 
Ibe  thne  oF  her  marriige  had  bees  well  tot  ux  days.  Subsequent  to  murisce  iJie 
had  not  menstruated,  but  u.  irregtilar  pcricxit,  for  one,  two,  or  ihree  d^p,  the  had 
had  tiifjlit  suiguiiicousditchnrgc^.  In  th«  latter  pan  of  October  the  gauric  lyinp' 
lotiw  of  pregnanqr  had  (!cvdo|icd  ihcmselxes,  and  at  tune  jwisol  on  titc  m&tninafy 
■ymptoRit  aiJdcd  th«mtelveK  la  ibne.  Within  ■  month  befoie  I  uw  her  Mrs.  A.'i 
Triendi  as  well  u  her  pliyadan  began  to  notice  that  the  looked  badljt,  and  this  (act, 
together  with  the  <ymptoni«  which  [  havemeniioncd,  induced  Dr.  McBomey  to  advbe 
that  a  ihiitoiL^h  phyMcal  invcsltgalion  should  X<  mnde. 

Upon  cxAminiftg  by  touch  he  tiitcnvcrcd  lo  l^e  left  of  the  utcnis  a  cy&t  which  filled 
the  iliac  fosvL  and  prev»«1  the  uteruiuver  10  the  right  tide  of  the  petvii^  It  was  under 
tliejctitcwmstanct^  that  he  rotjiic^ted  uie  lo  xe  Mrs,  A.  with  him.  Upon  paving 
the  left  indcK  finccr  up  the  vagina  I  diacovered  an  clastic  and  »en*itlve  cy»c  to  the  teft 
of  the  pelvl%  filling  the  iliac  fotsa  of  (hut  ride  completely.  Placiog  ilie  palm  of  the 
right  hand  over  the  abdomen  externally  and  practicing  enjoined  nmntpulatioo.  a  dis- 
tinct rotindcd  maM  could  be  felt,  which  waj  quite  •cBSilive  to  pre»ure  and  which 
yielded  very  clcarlf  the  sensation  of  fluctualion,  Thi*  was  rery  closely  connccleil 
with  the  utetus,  whtdi  toulJ  be  distinctly  mapped  out  lying  along  side  of  and  in  im- 
mediate contact  with  it.  The  ttteras  wxt  smaller  than  this  mass  »•"!  alibough 
increased  in  5i«,  was  not  so  Jargc  m  it  should  have  been  ai  or  near  the  third  month 
ofutero-gnlation.  Conjoined  manipulation  being  practised  with  one  finger  in  the 
rectum,  under  the  extra-uterine  mass,  the  points  which  I  have  detailed  could  be  nadi 
out  with  still  greater  certainty,  and  I  even  thought  that  t  got  the  evidence  «f  hkl* 
lollemcnt,  ihoi^h  of  this  I  was  not  certain.  1 

I  arrived  very  positively  at  the  diagnosis  of  extra-ateriac  pregnancy,  as  Dr. 
McBumcy  had  done,  and  at  my  sug£cslion  Dr.  T.  A.  Etnmet  was  requested  to 
examine  our  patient  Inter  in  the  d.iy. 

It  W.1S  agreed  thnl  Dr.  Emmet  shmild  sec  her  alone,  and  that  no  intimation  diould 
"be  made  lo  Mia  of  Uie  «pituaa  al  which  we  had  arrived.    U«  did  to,  and  at  once  and 
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very  poiitivcly  agreed  with  n«  in  diogncMit.  The  sTiilominal  nnlUof  our  paticnl  wcro 
very  ihin,  ind  she  WM  »o  porfeclly  muiaj-eable  «iid  so  d«4trous  of  aidiii);  m  to  l\x 
extent  of  her  power  in  uvivlng  ai  n  correct  coiiclusion,  that  itie  ihape  of  the  uterus 
and  of  the  masswhich  existed  in  contact  with  it  could  be  mapped  out  with  ilie  noit 
complete  certainty.  The  only  possible  error,  it  tcemni  to  me.  which  could  Affect  the 
dia^oui  was  (hit ;  there  might  exist  a  iM-cornatc  ulerui  imd  the  Icfl  bom  rniglH  be 
the  habitat  of  the  fEctux.  To  clear  up  this  doubt  and  to  make  the  sue  and  (wMtioD 
of  the  uterus  still  more  certain,  I  met  Dn.  Eciiiuet  and  McQuniey  on  the  next  day 
and  exposing  the  cci^x  uteri  with  a  Simf*  speculum  cautionsty  posed  the  utexiDC 
found.  It  wfts  deHected  decidedly  to  the  right  and  paued  in  for  a  diiiJincc  of  be- 
Iwccn  three  and  fuur  inches.  I  turned  it  Co  the  left  and  endeavored  very  i^nlly 
and  cantiniuly  to  penetrate  tl^e  maw  in  Ihe  left  iliac  loua,  but  it  wai  impoDnible  to 
do  so.  Dts.  Emmet  anil  McBurney  then  used  the  sound  to  at  to  satUry  themwlvet 
ihor^iighly  as  to  the  depth  and  position  of  the  merua  and  Its  relation  to  the  cyst  oa 
Ihe  lefl  ofil. 

The  impieMtun  left  apoa  our  mtnds  upon  these  points  ii  bat  represented  by  the 
following  akctch. 


FUij*. 


lie  extra-titerine  mus  wm  very  tli^hdy  maynble,  and  ii  diflered  from  cues  of 
tubal  pregnancy,  which  I  have  liad  the  opportunity  of  cxamiuiiij^,  in  the  fact  that  it 
Wemed  lo  be  more  intimately  connected  with  the  uterus  ilnelC  Ur.  Kmmet  iboujjbl 
that  by  conjoined  manipuUtion  he  succeeded  in  setting  balloitement.  I  wat  doubt- 
fill  whether  I  gut  Lt,  and  I  wat  inclined  lo  attribute  the  obuurity  m  to  thU  point  and 
ihc  dense  and  rather  nodular  feel  of  the  lower  portion  of  the  miss  to  the  &ct  that  the 
placenta  int^rrcned  between  the  tinker  and  the  fonus. 

Upon  one  point  connected  with  the  lae  of  the  sound  I  am  entirely  positive,  and 
upon  lbi(  I  desire  especially  to  fix  alloniioti.  1  uwd  the  instiumcnt  m  a«  certainly 
to  have  broken  the  f'Dlal  nivelogin  and  allowed  the  eia\ie  uf  the  liquor  smnii  bid 
the  ge^iation  been  uterine.     The  utcru*  was  ccilainly  empty. 

The  condition  of  affairs  was  now  fully  explained  to  the  relattvo  of  the  patient, 
who  left  Ihc  conduct  of  the  cate  unreservedly  to  our  dticrelion. 

The  progiKMJi  of  tU*  case  was  at  this  period  by  no  meuni  so  (pMV  a«  it  ^ometlmM 
U  la  cues  of  a  Kymewhat  similar  character,  where,  as,  for  canmplc.  in  one  publislted 
hy  my»df  nbout  three  yeari  a^,  ahtindant  evidence^  exht  tlut  rupture  is  immineot. 
tn  tome  cues  ft  is  certain,  aod  in  all  it  is  highly  probattl«,  that  mpture  generally 
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occurs  in  ibe  FaUo[^tn  tube  Id  tubal  ptegnuKjr  from  contractioB  of  tbU  diUended 
miucuUr  ctind,  tl;c  wsJls  of  whidt  axe  compoKd  of  t'aaae  identical  in  daiutc  wiih 
that  which  forms  the  tUcrns.  The  luEic  develops  and  pows  as  the  uicnu  <loei  in 
normal  pregnancy  in  an  elTort  to  meet  ihe  requifenicnis  of  the  growing  lixtal  riaia. 
Arrived  at  a  certain  pcnoJ  of  distention,  (he  lube,  actuig  ai  a  vicarioiu  uterua,  eti* 
dcavur«  in  rid  iiKlf  of  it>  contciiik,  and  after  greater  or  Icis  eRbrt,  bctt^  revoted  by 
the  coott'ictcd  extremitien  which  Kp<ira.Ce  it  from  the  utertis,  on  tin  one  haad,  nod 
the  peritoneal  cavky  on  the  other,  rupiurcs  in  itt  attempts  to  aocornplith  lh«  teuilt. 
Tbai  a  blow,  talt,  or  cRorl  of  the  abU^ciilnol  uiuvcles,  or  that  mere  bydrostatic  pret- 
sure  exerted  by  the  accutnulation  of  liquor  amnii  could  and  loinetintei  does  cauc 
rupture  of  ihe  foetal  nest  no  on«  can  doubt,  but  we  have  evidence  of  Lho  Cad  that  the 
tube  doei  conirtct  wUh  great  energy  under  die  siimulut  o(  distention  hi  ibote 
clonici  intermit  ten  [,  cramp-likei  and  a^oniiing  ciTutls  nhich  often  precede  ihc  fatal 
Issue  in  these  unfortunate  cases.  In  the  case  of  my  own  )ust  referred  to,  Intertnit* 
Icm  pnin*  over  the  tumor  were  so  severe  that  for  se^-eral  week*  before  removal  of 
Ihe  fcetua  liy  vaginal  section  the  patient  had  to  be  kept  almo&l  constantly  unitct  the 
profound  influence  of  npiiiin  ndmininlercd  1:^'  the  hypadermic  lyringe.  That  tbne 
"  cramps,"  -it  the  patient  sCyliKl  them,  were  really  due  to  contraction  of  the  lube  wu 
readily  ascertniiietl  by  cuitjmned  manipulation  practiced  during  tlie  eiUtence  of  one 
of  them,  when  the  mass  could  be  felt  c  intractiBg,  condentang,  and  hardening  itself. 

The  question  ot  treatment  now  came  under  consideration  in  the  consnliation,  and 
three  plant  were  lully  cAiivaised ;  first,  that  of  Icnving  Ihe  caM  to  nature  and  awaic> 
ing  events ;  second,  ihc  rewitt  to  remwva)  of  the  fa-tus  by  elylroionjy ;  uid,  third, 
thedertruciion  of  the  life  of  the  fa;m«  by  pasftne  through  (he  cilra-uteiine  mass* 
strong  electric  current  After  some  di>cu»ion  the  last  plan  was  agreed  upon,  no  one 
advocaling  the  first.  My  voice  was  strongly  in  favor  of  destroying  the  life  of  the 
embryo  ami  leaving  it  tntaci  in  its  envelfipes,  in  the  hope  that  it  might  become  to  a 
certain  extent  nbsor'wd  and  (hen  encysted.  In  the  ca*c  alreafly  alluded  to,  in  whith 
I  removed  (he  fu;lu*  by  clytrotamy,  the  urgency  was  so  great  from  diuenliun  and 
contraction  of  the  IuIk  tItaL  I  did  not  venture  lo  resort  to  any  meant  Hliich  involved 
delay  or  might  excite  mu<icnLar  sp^.tm.  In  tliat.  ton,  the  vaginal  exposure  of  the 
fnctnl  hall  n-as  mach  more  mtperAci.il  and  easily  atlain.ihle  than  in  this,  tn  which,  as 
I  have  said,  I  had  reason  to  fear  that  the  plnccnta  intervened  between  the  foMal  body 
and  the  vaginal  wall. 

On  January  jd,  at  x  P.M.,  Dr.  Rockwell  met  Dn.  Emtoet,  McBarnejr,  and  m^Klf, 
bringing  wiih  him  a  galvanic  battery  of  thirty-iox-cell  power,  and  we  proceeded  to 
pass  the  interrupted  current  through  the  ma.u  for  the  destruction  uf  fa-ial  life. 

The  battery  licing  ready,  I  passed  through  the  recluni  a  Bpotige  electrode  monnled 
upon  an  inttilaled  Handle,  and  placed  it  just  under  Ihc  rectal  ball.  Then  placing  ■ 
brond,  flat  sponge  electrode  over  the  a1>d<nnina1  face  of  the  mass,  I  preucd  it  down 
with  the  palm  of  the  rijjht  haitd,  the  patient  lying  upon  the  back,  and  a  gentle  car- 
rent  was  parsed.  The  patient  becoming  soon  accustomed  to  this.  Dr.  Rockw«U 
(^dually  increased  it,  and  sloppd  the  application  at  the  end  of  five  minntei. 

On  (he  ne^t  morning  [January  4th),  at  9^  A.M.,  the  current  wa:i  again  jmsscd  with 
a  force  of  Inentythrce  cells  for  three  and  a  half  minutei,  and  on  appointncAt  taade* 
for  half  past  nine  the  next  morning. 

After  the  firtl  current  tlighl  painful  con(raclion-i  were  excited  in  tbefcetal  envelope 
and  some  IcadcmcsE  was  developed  In  ail  the  abdominal  muscles,  bat  neither  poise 
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nor  tempcTftture  vrere  affccid  After  ihc  tcconct,  decided  and  very  palnfiil  contru- 
lion«  were  tieitcd,  so  chnt  opium  had  to  be  irccly  wwri  to  <]nicl  suffering.  The 
pulse  gradually  ruM  lo  lis  to  Itic  minute,  find  tlie  tempcn.LurG  lo  toii\  The 
wtiole  abdomen  was  leruler  lu  prcuurc,  but  nunc  of  the  symjilunu  were  of  »uch 
chiLracter  or  magnitude  as  lo  create  «pprehcn«onR  of  mll.-imniatory  irouMe.  A  di»- 
chvge  of  blood  fruin  ibe  utctus  now  estsbti&bcd  itself,  nn^  coDiiDued  to  tbe  end  of 
thecAse. 

On  the  CTcning  of  this  diy  il  was  felt  ttuit  the  death  of  the  fstus  wu  in  all  proba- 
bility accompiitlied. 

On  the  neil  day  (January  Jlh),  nt  g  A.M.,  I  met  Drs.  Emmet  and  McBumey, 
We  found  things  in  accordance  witli  the  report  of  yesterday,  and  determined  to  await 
event*  with  tliii  preparation  for  the  worst  that  could  liefall — everything  was  fully  pre- 
pared in  an  adjoining  room  for  the  immedUle  performance  of  gaittTotomy  if  symplcms 
of  mptnre  and  cKlenMOn  of  the  f<rLus  into  the  pcrtloneal  cavity  showed  thcmielves. 
The  contract lonf  of  the  tulic  were  «o  »tTong  and  often  repeated  that  we  could  not 
dlvett  our»elv«  of  tlie  fear  that  before  they  could  lie  quieted  by  opiate*  and  lime,  a 
solution  of  continuity  might  occur  at  the  point  ol  maximum  distention. 

Palpation  being  carefully  made  at  this  time,  the  uterus  could  be  distinctly  felt  noa- 
contraclile  aai  quiescent  in  it*  normal  pn»ltton,  while  along  side  of  it  the  larger  foetal 
thell  could  be  dislinclly  distinguished,  at  timet  as  ronnd  and  apparently  as  hard  as  a 
biUkrd-balt. 

At  1 1  A.M.  on  this  same  day  (January  Sth^  1  received  a  note  from  Dr.  Mcllumey, 
who  now  remained  with  the  patient  day  and  nigtit,  summoning  me  in  ha^ie,  and  say- 
Ins  l^^'  thing!  had  suddenly  and  most  decidedly  changed.  Tlic  tumor  in  the  left 
iliac  foisa  had  greatly  diminished  in  size,  while  the  uterus  had  suddenly  become 
greatly  distended  and  blood  wsf  pouring  away  from  it  freely.  I  met  him  in  half  aa 
hour  afterward,  when  I  discovered  that  tltii  uterine  tumot  had  likewise  disappeared 
liniultaiieoutly  with  the  cnpubion  of  a  fwtus  and  a  placenta  of  perfect  character.  At 
the  time  that  the  tumor  of  the  kUac  fovta  hail  disappeared,  the  patient  herxlf  noticed 
the  alteration  In  the  relation  of  tfwlf  and  The  uleiu!^  which  has  been  mcniioucd 
above,  and  was  struck  by  the  sudden  transference  of  the  leat  of  pain.  When  (his 
occurred  Dr.  Mcltumey,  supjMMiing  that  the  uleni«  was  tHiitcTided  by  blood,  made  a 
vaginal  examination  and  wa»  tuiprised  to  find  a  dUtinct  sac,  like  a  bag  ol  water,  pro- 
truding from  the  ul  uicrt  exteruuin.  .Anxious  to  be  certain  if  this  were  the  case,  he 
pasted  a  ipccnlum  and  diicovcrcd  that  it  was  so.  He  then  punctured  the  sac,  which 
be  ronod  very  strong  and  resisting,  and  the  foetus  and  placenta  were  soon  expelled. 

The  hemorrhage  now  ceased,  as  did  likewise  all  pain  and  dltcomrort,  and  the 
patient  did  welt.  On  the  next  day  (January  6th)  I  found  her  feeling  very  well  both 
mentally  and  physically.  Thnnighoui  the  course  of  the  case  it  appeared  that  slie  had 
fully  unLlersiood  iu  nature  and  ill  dangers,  and  had  calmly  nerved  herself  to  boar 
with  foriitiule  whatever  fate  might  be  in  store  for  her.  A  year  or  two  before  this  a 
woman  hod  died  from  lhi«  cau>c  in  a  country  town  in  which  she  was  spending  ihe 
suntmer  holidays,  and  nllage  gossips  had  made  her  familiar  with  lh«  diificulty.  On 
thb  visit  I  examined  carefully  the  uterus  and  laie  furtal  nest.  The  former  could  b« 
distinctly  mapped  oat  and  was  foimd  lo  be  very  slightly  teiiutive  to  pressure.  The 
latter  could  be  felt  with  almost  equal  distinctness,  thou^  now  insigniKcaat  in  bulk 
in  comparison  is-lth  its  sisc  of  twenty-four  hours  ago,  and  to  the  touch  it  was  exqui*. 
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residing  outside  the  cily  liniiisi  and  by  special  request,  and  for  suf- 
ficient reasons,  tlic  napic  of  tiic  altcndiiig  physician  will  not  be  men- 
tioued.  From  him  the  following  history  was  obtained :  Two  weeks 
previously  he  first  saw  the  case  professionally,  and  foiitid  thai  she  woi 
suffering  much  pain  in  the  right  side,  together  with  irregular  dischargci 
of  blood.  The  patient  had  confessed  to  the  possibility  of  pregnancy, 
and  examination  elicited  many  of  the  objective  and  subjective  signs  of 
this  condition.  Nausea  occurred  every  morning,  and  changes  hail 
taken  place  in  the  areola.  Digital  examination  revealed  the  fact  that 
the  OS  uteri  was  Utile,  if  any,  changed  from  its  norntal  condition.  By 
pressure  over  the  right  side  it  was  ixyssil^le  to  feel  a  certain  hardness 
not  present  on  the  othrr  side,  but  by  conjoined  manipulation,  with  one 
finger  in  the  vagina,  a  disiinct  rounded  ma.>ts  could  be  felt. 

Examination  per  rectum  revealed  its  presence  even  more  distinctly. 
Jf  pregnancy  existed — and  of  this  there  seemed  to  be  no  reasonable 
doubt — it  Iiad  advanced  nearly  to  the  fuurth  month,  and  as  llic  tumc 
u-as  large,  much  larger  than  in  the  case  just  related,  there  was  evi- 
dently no  time  to  lose.  Dr.  Kockwell  had  brought  with  him  a.  suitable 
apparatus  -tiKl  irnniediaCcly  operated  by  introducing  one  pole  into  the 
rectum,  and  placing  the  other  externally.  On  account  of  the  great  dis- 
tention of  the  Fallopian  tube,  and  the  danger  of  rupture,  he  felt  the 
necessity  of  exercising  the  utmost  care,  and  consequently  made  use 
the  intemiptions,  with  a  current  strength  of  but  twelve  cells,  or  about 
sixteen  volts.  The  current  would  then  be  quickly  increased  without' 
intcmiption  and  allowed  for  a  moment  to  pass  in  a  continuous  stream. 
The  treatment  was  concluded  by  a  second  application  on  the  follow- 
ing day.  Visiting  the  patient  some  two  weeks  subsequeully,  he 
found  that  the  tumor  had  decreascfl  in  size  at  least  one-half,  and 
at  this  time,  after  the  lapse  of  several  nionlh»,  it  may  be  said,  m| 
far  as  any  external  evidence  of  it  is  concerned,  to  have  entirely  disap> , 
pcarccl. 

The  list  case  is  a%  follows ;  On  December  14,  1882,  Dr.  Roclcwell 

was  informed  by  Dr.  H.  Marion  Sims,  that  Mrs.  A ,  a  patient  of 

his,  was  suffering  from  extra-uterine  pregnancy,  and  was  by  hira  ra- 
qiiested  to  undertake  the  destruction  of  the  foetus  by  electricity. 

Although  married  a    number  of  years,  she  had  never  before  been 
pregnant     Dr.  Sims,  on  first  discovering  the  possibilities  of  this  con- 
dition, called  in  consultation  Dr.  T.  Addis  Hmmet,  who  positivclfj 
contirmed  the  diagnosis.     The  pregnancy  had  advanced  lo  the  third^ 
month,  and  the  tumor,  which  was  about  the  size  of  a  child's  fist,  wa« 
movable  and  could  be  distinctly  felt  both  from  without  and  within. 
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The  size  of  the  tnlargcincnt  was  such  ihaj  the  operaiion  was  urged 
immediately.  For  fear  thai  the  cy&t  luiijht  be  in  danger  of  nii>iiue 
through  uncontrollable  movements  of  the  patient*  Dr.  Knimet  advised 
the  administration  of  an  an»:slhetic. 

Ether  having  been  given  by  Dr.  M.  H.  Nash,  Dr.  Sims  placed  the 
uterine  electrode,  and  shocks  from  a  };alvanic  current  of  but  bixteen 
volts  in  strength  were  passed  through  the  fcetal  mass. 

The  mildness  of  the  treatment  was  necessitated  because  of  the  un- 
usual nerve-irritability,  and  the  violence  of  the  mtisriilar  contractions. 

AUliuugh  it  was  probable  that  the  destruction  of  the  fceial  life  bad 
been  effected  at  the  first  s^nce,  the  operation  was  repeated  on  the 
iSch,  a4Lh,  and  27lh  of  December,  for  the  purpose,  first,  of  absolute 
certainty,  and  second,  to  accelerate  the  absorptive  process.  The  con- 
tour and  seat  of  the  tumor  were  not  only  changed  after  the  first  appli- 
cation, but  It  rapidly  decreased  in  mzc.  TIic  patient  experienced  no 
unpleasant  cO'ects,  and  within  a  short  time  was  able  to  iHatt  for  Ku- 
rope. 

!n  the  treatment  of  cxira-Hicrine  pregnancy,  it  is  an  important-point 
lo  be  decided,  as  to  the  best  form  of  electricity  to  Ite  used.  Not  only 
has  galvanism  and  etcctro-magnetism  been  successfully  employed,  but 
it  is  said  that  the  common  niagncco-cleclnc  battery  has  also  proved 
sufficient ;  but  irom  both  a  physical  and  physiological  point  of  view,  and 
as  well  through  the  teachings  of  experience,  we  cannot,  for  our  part, 
doubt  that  galvanism  is  prcfcnable  to  the  other  forms.  It  is  more  cer-  > 
tain  in  its  eflfects.  It  has  a  greater  power  of  overcoming  resistance, 
and  consequently  its  influence  is  fell  deeper  than  the  other  forms. 
Four  important  effects  .ittcnd  the  passage  of  the  electric  current 
through  the  living  body,  and  all  these  undoubtedly  enter  as  factors, 
cither  in  destroying  the  life  of  the  fcetus  or  in  the  fluhsequent  process 
of  absorption. 

These  effects  may  be  designated  as  mechanical,  physical,  diemical, 
and  physiological. 

The  mechanical  effects  of  the  interrupEed  galvanic  current  are  equal 
to  those  of  the  far-idic  current,  wiiile  the  physical  effects,  manifested 
by  heat,  and  the  modification  of  cndosmose  and  cxostnoseare  itt  the 
main  the  results  of  galvanic  action. 

By  the  passage  of  the  galvanic  current,  the  endosniolic  phenomena 
may  be  both  stimulated  and  reversed-  The  faiadic  current  from  the 
secondary  coil  produces  no  such  effect.  The  current  from  the  inner 
roil  produces  these  effects,  but  in  a  much  less  degree.  Chemical  or 
electrolytic  effects,  again,  are  almost  wholly  the  result  of  galvanic  ac- 


6itc 


MIDWIFERY. 


tion,  and  it  should  be  remembered  that  the  electrolysis  of  organic  stib* 
stances  starts  a  process  that  continues  long  after  the  current  ceases  to 
flow.  The  physiological  effects  of  cleclricity  are  those  which  take 
place  by  virtue  of  the  vital  properties  of  the  body,  and,  unlike  the  other 
effects,  are  only  observed  in  living  substances.  Physiological  effects 
are  nianifesled  on  the  circulation,  on  secretion  and  excretion,  bat  only, 
as  absorpiioii  is  effected  does  it  interest  us  here,  and  it  is  quite  evi- 
dent that  the  absorptive  powers  of  tlie  secondary  current  are  quite 
limited. 

In  any  case  of  tubal  pregnancy,  and  especially  in  those  advanced 
conditions  where  the  tube  is  greatly  distended,  and  there  is  danger  of 
spontaneous  rupture,  tlie  possibility  of  hastening  this  catastrophe  in 
the  attempt  to  destroy  the  life  of  the  ftctus  should  never  be  lost  .sight 
of.  The  tubes  themselves  arc  but  slightly  supplied  with  muscular  5bre, 
and  the  danger  would  more  especially  arise  from  the  powerful  com- 
pression that  is  liable  to  be  exerted  by  the  abdominal  muscles,  and  the 
effort  should  be  so  to  diffuse  the  current  proceeding  from  the  external 
pole  as  to  produce  the  least  mechanical  effect  possible.  ]n  regard  to 
the  diagnosis  of  extra-uterine  pregnancy,  it  must  be  confessed  that  it 
is  not  always  an  easy  matter,  and  in  the  cases  )ust  related  the  question 
may  arise  as  lo  its  accuracy.  The  eminence  of  the  gentlemen  associ- 
ftted  in  the  cases  should  perhaps  be  a  sufficiently  strong  argument  for 
ihe  correctness  of  the  diagnosis,  but  conclusive  evidence  lies  also  in 
the  effects  of  the  treatment  itself.  The  results  of  the  electrolysis  arc 
well  known,  but  in  no  other  fonn  of  tumor,  cystic  or  otherwise,  b  it 
possible  for  the  galvanic  current,  used  as  described,  (o  produce  similarly 
prompt  and  effective  results.  In  regard  to  the  effects  of  electricity  on 
nonual  |}rcgnancy,  suggested  by  the  case  of  double  pregnancy  that  we 
have  related,  a  word  may  he  snid.  It  is  a  mistake  to  suppose  that 
abortions  are  readily  produced  by  electricity.  Without  the  electrode 
is  introduced  directly  into  the  uterus,  which  would  of  course  be  suffi- 
cient without  the  passage  of  any  current,  the  strongest  treatment  that 
it  is  prudent  to  give  may  prove  insufficient.  Of  this  we  have  liad  evi- 
dence in  several  justifiable  attempts  to  bring  on  a  miscarriage.  In  the 
case  just  alluded  to  the  current  was  stroug,  applied  by  sliocks,  and  in 
close  proximity  lo  the  uterus,  affecting  it  not  only  retlexly,  but  in  some 
measure  directly,  yet  the  normal  pregnancy  was  in  noways  disturbed  : 
and,  so  far  as  concerns  general  applications  for  the  production  of  con- 
stitutional tonic  effects,  we  have  in  many  instances  administered  them 
with  impunity  through  the  whole  course  of  gestation,  and  with  the  most 
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happy  results.  The  question  may  be  asked,  What  becomes  of  the  foetal 
mass,  after  its  destruction  by  the  electricity?  The  probability  is  that 
it  first  becomes  encysted  and  then  gradually  absorbed.  At  all  events, 
in  all  of  the  foregoing  cases,  the  enlargement  entirely  disappeared 
within  a  comparatively  short  time,  and  was  not  the  cause  of  the 
slightest  discomfort. 


CHAPTER  XXXIV. 


ARIIFICIAL  RESPIRATION  BY  BI.ECrRU:ATIOH  IN  CASES  OF  APPARECfT 
DEATH  FKOM  DKOWNINC,  QK  SUFFOCATIOU  THROUGH  POISONOUS 
OASES,  OR    IN    ASPHYXIA  OF    NEW-BORN    INFANTS. 

The  process  of  excitiog  artificial  respiration  by  raradlxatioo  *  is  as 
follows : 

1.  I^t  an  assistant  pui  thi  head,  skouldirs,  and  arms  of  ihepaiietU  in 
a  faced  position,  whil£  anoihir  stands  ready  to  assist  the  expiratory 
mffvements  Ify  pressure. 

2.  Graduate  the  current  to  a  strength  su0eient  to  produce  vigorous 
(ontraetioHS  of  the  muscles  of  the  bnU  of  the  thumb,  and  then  press  the 
sponge  electrodes  (which  should  be  of  large  size  and  well  moistened) 
frmly  over  the  phreuie  nerves  at  the  outer  borders  of  the  sternoeieida- 
mastoid   muscles  and  at  the  lower  end  of  the  scaleni  muscles, 

3.  Interrupt  the  current  (either  by  removing  one  of  the  electrodes,  or 
by  an  interrupter ),  about  three  times  a  minute,  while  the  assistant  presses 
firmly  on  the  abdomen,  pausing  occasionally  to  observe  the  effect. 

4.  If  after  a  number  of  interruptions  no  inspiratory  movements  ap- 
pear^  increase  the  strength  of  the  current. 

In  some  caiics  it  is  suHident  tu  put  one  electiode  ovtr  the  phrenic 
nerve  and  the  other  in  the  seveatb  incercostal  space. 

Large  electrodes  are  used  so  as  to  affect  the  other  muscles  which 
have  a  share  in  inspiration  (scalentis-anticiis  and  stcnicM:leido.Tnastoid) 
simultaneously  with  the  phrenic  nerve.  The  object  of  holding  the 
arms  and  shoulders  in  a  tixed  position  is  to  prevent  the  interference 
which  may  arise  irooi  Uie  contractions  of  the  muscles  of  the  arms,  and 
at  the  some  time  to  obtain  the  co-operation  of  tlic  serratus  and  pectoral 
muscles. 

Prof.  Slienissen,  who  first  proposed  this  method  of  producing  artificial 
respiration,  advises  the  trial  of  the  galvanic  current  in   those  cases 

*  The  furitdic  cuircnt  is  u£iia.lly  employed  far  ibii  purpose,  although  t)ie  iDtemtptcd 
(lUvanic  current  mi^hl  uisivcr  the  purpose, 
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«Fhere  the  irritability  is  lost  to  lh«  faradlc.  Tht  anxs  writer  presents 
a  number  of  successfuT  results  in  cases  of  poisoning  by  carbonic  acid 
gas  with  this  metho<l  of  treatment  from  his  own  and  other  experience.* 

In  aj>iuM  fiiisoning  artificial  resjjiration  by  faradization  may  be  tried 
either  alone  oi  in  connection  with  otiier  methods.  Dr.  Irani  has  re- 
ported a  case  of  opium  poisoning,  which  recovered  on  the  appHcalion 
of  one  pole  to  llie  nock  and  the  other  lo  the  peri ii.e urn,  after  tannin, 
coffee,  and  tartar  emetic  had  been  unsuccessfully  employed  for  several 
hours. 

Those  who  attempt  to  produce  artificial  respiration  in  emergencies 
are  frequently  unfamiUar  with  the  malor  point  (see  p.  287)  of  the  phre- 
nic, and  therefore  a])ply  the  pole  in  the  neck  indiscriminately.  A 
medical  acquaintance  infomis  us  that  an  atieiupt  of  this  knul  which  he 
made  in  a  case  of  opium  puisoning  proved  mslanlantously  fatal  to  tht 
patient.  Under  Ordinary  methods  the  patient  was  recovering,  but  in 
order  to  expedite  the  progress,  faradization  was  tried.  One  pole  was 
placed  on  the  ribs,  and  the  other  somewhere  in  the  neclt,  in  order  to 
lind  the  phrenic  nerve.  Immediately  the  patient  ceased  to  breathe^  and 
no  further  n-eauiient  availed  to  resuscitate  her. 

This  case,  so  far  as  we  know,  is  unprecedented.  It  is  explicable  only 
on  the  theory  tlui  the  shock  of  the  sudden  closure  of  the  current  near 
the  nervous  centre  destroyed  the  waning  life  by  concussion. 

This  unique  and  unfortunate  case  should  not  deter  any  physician 
from  resorting  to  the  electric  method  of  artificial  respiration  in  all  cases 
where  it  is  indicated,  any  more  than  the  equally  uniipic  case  of  blind- 
ness produced  by  the  galvanic  current  (recorded  by  Uuchenne)  should 
deter  us  from  galvanising  the  eyes  and  face. 

Meyer  records  a  successful  result  in  a  case  of  threatened  death  from 
exhaustion  after  diphtheria.t 

Friedberg  J  succeeded  in  restoring  a  child  of  four  years,  asphyxiate 
by  chloroform,  by  this  method,  combined  with  compression  of  the  dia- 
phragm.g 

Many  failures  have  beea  made  io  the  attempt  to  produce  artificial 
respiration  by  faradisation,  because  the  operators  were  ignorant  of  the 
true  method  of  application,  or  were  not  sufficiently  persevering. 

Dr.  Beard  has  twice  (ailed  to  resuscitate  dogs  that  were  narcotized  by 

*  CUe  Elecutcliat  in  det  Mcdicin,  1SG6,  p^  174  ct  w(|. 
fOp.  dr.,  p.  431. 

t  Quoted  by  Mcyo.  op  dl.,  pp.  431.  433- 

%  IrrilMioa  of  tho  phrenic  nerve  might  Iw  readily  caiDbtaid  widi  Howard*!  mtlbod 
}f  artificial  mplraibn. 
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chlorofonn,  altlioiigli  th«  applications  were  begun  in  less  than  a  minute 
after  the  heart  cea&ed  to  pulsate. 

He  failed  al^  in  a  case  ofvpiuiD  poisoning  in  an  in£int  six  weeks  old. 

Some  remarkable  results  have  been  reported  where  life  was  saved  by 
faradization  around  the  neck  and  chest,  kept  up  by  intervals  for  manjp 
hours. 

Dr.  Allan  McLane  Hamilton,  from  a  number  of  interesting  expeii* 
ments  undertaken  to  test  the  utility  of  electricity  in  asphyxia,  concludei 
as  follows:— 

isL  That  it  is  useless  to  expect  good  resulhs  if  6ve  minutes  have 
elapsed  ftince  life  appeared  extinct. 

2d.  That  the  current  should  be  applied  faithfutl/  and  steadily,  one 
pole  being  placed  on  the  ensiforni  cartilage,  the  other  on  the  base  of 
the  skull  or  over  tlie  tracks  of  the  great  nerves  of  tlie  neck. 

3d.  That  the  faradic  and  interrupted  galvanic  currents  are  the  besL 

4th.  Thnt  the  current  should  be  applied  some  time  after  Teii]>irator7 
movements  have  become  regular.* 

Reiuseitaiion  of  Nfw-born  Children. — Successful  ex|>eriments  in  the 
resuscitation  of  new-born  chilitren  have  been  made  by  Schuiz  and 
Petnicc.  The  latter  succeeded  in  three  out  of  nve  cases.  In  one  of 
his  cases  the  child  waa  born  to  all  appearance  dead.  Restoration  was 
accomplished  in  half  or  three-quarters  of  an  hour  by  the  alternate  use 
of  the  warm  b.ith  and  faradization  of  the  phrenic  nerve. 

I.egros  and  Oniniusf  have  experimented  on  animals — rats,  dogs — 
with  a  view  to  bringing  on  resuscitation  during  syncope  from  loss  of 
blood.  They  used  the  galvanic  ciurcnc,  pUcing  ttie  negative  pole  in 
the  mouth  and  the  positive  in  the  bowels. 

Dr.  Rockwell  has  treated  several  cases  of  suspended  rcspiralJoti.  .\ 
new-born  babe  was  to  all  appearances  dead  ;  faradization  of  the  plirenic 
nerve  resulted  m  decided  nianifesLatioiM  of  life  for  a  few  moments 
only.  In  the  case  of  a  lady  who  wat  in  a  state  of  asphyxia— bom  a 
subcutaneous  injection  of  morphine — faradization  of  the  phrenic  nerve 
excited  respiratory  movements  which  were  repeated  some  twelve  01 
fifteen  times  after  the  current  ceased  to  pass.  He  did  not  succeed  ia 
saving  the  patient. 


*  ElcictHcity  as  a  Means  af  Renuciiation. 
\  Got.  ties  linp.  No.  53. 


Arocncaa  Practidoner,  0«.,  tSja. 


CHAPTER  XXXV, 
DISEASES  OF  THB  RBART  AND   LUVGS 

Palfitathn  ttf  the  Heart. — That  galvanization  o{  the  syrapathetie 
and  general  etectrization  have  a  positively  accelerating  or  sedative 
effect  on  the  action  uf  the  heart,  we  have  detiion&trated  by  a  large 
uuiulier  oi'  experituents.  (See  Electro- Physiology.)  This  effect  is  pro- 
duced by  the  action  of  the  current  on  the  «)ii) pathetic  or  the  pneumo- 
gaitric  in  the  neck,  or  in  general  electrization  it  may  also  result, 
ftccondarily,  from  the  influence  that  the  system  at  large  receives  from 
the  application. 

Cases  of  functional  disturbance  of  the  heart,  associated  vrith  dyspep- 
sia and  hysteria  and  anxmia,  we  have  found  to  yield  to  general  faradi- 
zation in  a  large  variety  of  instances,  even  when  no  S|>ecial  attention 
was  directed  to  the  sympathetic  or  the  pneuirvogaslric 

Fliess  experimented  with  the  galvanic  current  in  twenty-four  cases, 
nineteen  of  which  were  functional,  and  five  of  an  oi^anic  character. 

All  the  cases  were  more  or  le-ss  relieved,  even  those  dependent  on 
structural  lesion,  while  the  majority  of  the  functional  cases  were  perma- 
nently cured. 

Hi*  method  of  treatment  was  the  daily  application  to  the  pneunJO- 
gastric  in  the  neck  of  mild,  descending,  galvanic  currents,  for  one  of 
two  minntes.  Temporary  abatement  of  the  symptoms  followed  each 
application. 

The  treatment  of  functional  palpitation  of  the  heart  is  certainly 
worthy  of  more  attention  than  it  has  thus  far  received  from  electro- 
therapeutistSL 


Piilfiitalim  »f  tht  ktart  attonated  wilh  dytftptitt — Unutuat  naetfUMiiy  to  Iht 
evrrtnt — Great  intfrnxuuut  tmJer  gmeral/arnJualian. 

Cask  CL)CXI.— Mr.  B.,  of  New  Jersey,  applkd  to  m  March  ist,  1S67,  with  the 
ijinpioms  of  weaknen  of  ihe  uomAc;})  ukd  liver,  tuul  ftlut  of  functional  rieruigetncnt 
of  tbe  heart.  I  le  was  tall,  Komcwhal  spare,  hut  of  fair  tnUKuUr  developmciu.  HU 
occnpaiian  wu  that  of  a  farmer,  but  for  tome  (Lmc  bcfofc  tie  vtsted  ua  he  bad  been 
unable  lo  make  any  prairacrcil  cKcflior..  He  hod  tested  vwious  hinds  of  inteinaf 
meJitiae^  and  wUh  luualixEactoij  mul'.A 
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Doling  Ihe  first  npplkAtion  he  wu  momentftrily  overoome  by  a  feeling  of  fjunioeia, 
but  U  once  rmllled,  ami  wcul  away  rccliiij;  ilroaycT  and  brighter.  He  continued  to 
vbil  t»  two  or  three  (unci  a  week,  kit  neatly  two  niontlia.  The  impruveineiU  wu 
(low,  but  vety  pouiive,  wi;h  occAiional  tinniwrary  TetapKi,  The  ordinc  syinpigiBi 
era(liui.lly  diminuhcd,  anil  bit  sirength  tnaeaMd  Co  such  vi  cxicnt  that  he  was  aid*  to 
resume  lu  jMut  hu  daily  avocutioQ. 

When  he  left  us  his  dicciiive  fimctioiu  were  well  pcrCarmed,  and  he  had  nmdc  kt* 
r&ngcTncnii  to  cnicr  upon  an  active  Had  pleasant  out  dooi  cmploymott. 

Angina  Pectoris. — The  treatment  of  angina  pectoris  has  ever  been 
unsatisfactory.  The  cases  that  liave  fallen  tinder  oiir  observation  were 
mostly  of  a  chronic  character,  and  turned  to  electro- therapetitics  as  a 
last  resort.  As  iilusirativc  of  the  best  result  Uiat  we  have  been  able 
to  obtain  iu  the  ueatcaent  of  this  remarkable  disorder,  the  following 
case  tti  presented : 


A»gtma  ftciO\ 


faradimiivi. 

CasbCLXXII. — The  patient  WAS  a  stout ,  vigorous  man,  aged  48,  uid  foreigfaiecn 
months  he  hud  been  the  victim  of  violent,  aliatp,  shooting  pabu,  onder  the  sterauin,  in 
the  kfc  fih^uldcf  And  artn.  Fitquently  the  neck  would  &uRier,  and  ooc(Liion.-illy  the  left 
1^  Phywcal  cx^iornlion  guve  no  evidence  of  organic  discftue;  and  as  it  wa«  ittipo*- 
■iblc  to  find  any  citcnial  exciting  cauic,  we  Atlril>utcd  the  symptoms  to  idiopathic 
causes.  When  lie  moved  more  rapidly  than  utital,  or  ovet-exerled  hinuelf  in  any 
way,  he  waa  liable  to  \yt  icbeil  with  a  vioLent  neni^  of  conKtrictina  in  the  cheti,  wbicli 
caused  Mm  lo  feel  xx  if  About  to  die.  In  t,  monieni  the  radiating  pains  described 
above  would  follow,  and  compel  h!m  to  slop  pcrfeicily  still.  His  appetite  and  dige»- 
tion  were  hui  Uiiic,  if  any,  impckired ;  yet,  from  the  first,  the  frc<|Ucncy  and  neircriij 
0I  the  attAcks  had  gmduAlly  incrcAMxl.  As  a  rule,  a  p>roxysm  occurred  every  day, 
■nd  freqnenlly  several  limes  during  the  twe&lyrour  boots.  •Occaaioaally,  huweocr, 
A  week  would  pan  wittiuut  an  atEtick. 

Wc  made  use  of  general  farailkxalion  when  he  was  cnltrcly  free  from  Anyuneaisi* 
ncML  Three  dAyi  cUpioi  before  he  ogiun  came  to  ui,  but  during  this  inteival  tiw 
malady  hod  not  inanifcsled  itself. 

Before  adoiialsteriDg  the  second  application,  the  patient  porpoiciy  btonghl  on  ■ 
poroiQram  by  violently  swinj^i;  his  Anns  and  bending  his  budy.  In  ihc  midst  of  the 
pain  the  posiiivc  pole  was  i-uddcnly  applied  oner  tlie  nipple,  and  a  very  itUente  cur- 
rent »«nt  through  the  body.  With  the  rapidity  of  Ihe  ptuuge  of  the  eloclricity  itsdf, 
ilic  pain  left  him,  and  after  the  stance  had  clntcd,  he  found  it  tinputable,  by  any 
effort  he  could  make,  to  bring  on  anolher  aClAck.  At  the  ncil  visit,  liitee  days  tub> 
sequenlly,  he  was  Ahic,  by  very  violent  efforts,  lo  bring  on  a  inruxyim,  hot  of  &r 
JCM  severity  than  before.  Similar  Ircatmcnl,  by  lucaltied  bradicAliun,  tminediaicly 
relieved  him.  A  few  more  appIicAliunn  were  given,  but  during  hit  visits  lo  us  !>« 
never  uiccccOcd  in  exciting  anutlicr  ailick,  that  wc  mi^^ht  have  ihc  pIcASure  of  Mib> 
duing  it.  For  vi-eml  months  alter  be  was  discbarged  u  cured,  he  had  no  retunt  of 
the  nogioA. 
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Angina  ffttoris—D^fiJn/  rttief  under  etntral  galtttHitahOu — Httapu. 

Cask  CLXXIII.— Mr.  H.  M.,  ajjol  35,  referred  to  tu  by  i>r.  I.«mlnc.  had  fot 
twenty  yean  been  a  lufTcrcr  frnm  canlisc  pilpllalloos,  witliMnic  of  chc^ymploniiof 
2n(;in.-i  pcctorU,  Tht  cartliAc  pAlpitalion  »c«ncil  to  have  >  reblion  to  the  condition  of 
theitumaicli,  IwUi^aMucuted  witliandappaifenllydcpcnEtcnt  <in.tllAck^orindi(;rMinn, 
•ItenJed  wjlh  regurgiiaiiun  and  pyrr>»li  ]t  w&i  ot)«  of  ihote  cises  where  it  wa^  diifi- 
calt  Ic  determine  precisely  in  what  orgxn,  or  nerve,  or  nerve  jJexu*.  tbe  tymplonu 
took  tlicir  origin.  The  patient  mu  not  rccDnrkatdy  inielligcnt,  but  eo  fur  u  could 
be  cleaned  from  hi*  history,  tlic  allacki  Involved  both  the  heart  And  the  Momadhi  tor 
it  vi4t  certain  that  anyiliing  thni  emicd  indigestion  often  luliered  in  pamxysrai  of 
great  tcvei ily.  Organti.'  ditcoic  of  the  heait  had  becii  lutijeclcl,  but  Dr.  Leaminj;, 
a  (kilftd  and  practiwd  aiiicullatur,  decided  that  there  woa  nu  uicli  ktion.  Medicine 
hut  accomplished  but  tittle  Tor  the  paiiait.  sml  we  decMed  to  uie  oenlnit  galvanita- 
lloti.  Tlie  lint  application  was  mild  and  l>rier,  but  it  caused  much  <li£tincis  and  fot 
the  moment  [ila.rnicd  and  worried  the  patient.  In  a  few  day*,  hfiivcvcr,  he  l>%an  to 
imptorc  in  hi«  symptoms  >nd  began  also  I0  be^r  the  current  better.  Kur  about  two 
idohUm  the  patient  |KneveTed  in  taking  the  treatment,  and  with  most  deciilcd  iin- 
provenient. 

While  the  care  m*  not  perfect,  yel  all  his  <yniploins  were  m>  ^leviated,  thai  life 
became,  iii  a  mcanire,  eojoyabJe,  iiuiead  of  a  br-ivy  and  constant  bardcn.  bub>e- 
qucntly  ho  idapsed. 

Wc  ma)*  have,  as  illiiNlralcrl  by  the  foltou-ing  case,  a  retrocession  of 
the  rheumatic  or  gout/  diathesis  to  ihc  heart,  and,  according  to  some 
writers,  to  the  lungs  also,  producing  an  incurable  organic  lesion  that 
may  result  in  this  neurosis.  A  iiietasta&is  to  the  stomach,  of  either  of 
the  two  (liiieases  Just  nieniinncil,  may  give  rise  also,  acconUug  to  others^ 
to  symptoms  of  cardiac  neuralgia. 

Angina  pKttrit  f«tlstoing  rtfeattd  attatit  «f  gmt—AggrariMtd  ttmfwartfy  by 
ttr^mg  galvitniMtion — Rthevtd  iy  miU gtneral  /araJifitian. 

Case  CUCXIV.— Mr.  B.,  aged  5a,  waa  referred  to  t»  by  the  Isle  Profeaor  Gca 
T.  Elliott.  The  patient  wan  a  iJoul,  plethoric  man,soniewhat  advancol  in  ycaribeyond 
tlie  middle  period  of  life.  He  waa  perhaps  what  might  be  <::alled  a  "  li>ch  Urar,"  and 
lot  y«an  be  lud  i]iclul);ed  in  wines  freely,  altliaugh  nut  to  great  eiceu. 

He  had  on  two  or  more  occaiaona  luffeicd  quite  severely  from  altarkt  of  gout  of 
the  gresit  toe,  and  very  lOon  after  reeonpry  from  the  Init  attack,  he  bc^an  to  capcri- 
tuce  slight  sytnpiomt  of  hia  present  difRcnlty.  'Hie  pain  i^enenlly  Lomnienced  tn 
lllc  |^KM,  behind  and  a  hllle  to  ihe  left  side  of  the  sternum,  and  extended  to  the 
■houlder  and  dawn  the  leg. 

Oceasiooally,  the  iymptums  would  fira  manifest  themsctvet  tn  the  leg,  and  then  es- 
tend  to  the  heart. 

The  poroxytmi  were  never  levere,  ao  long  aa  a  quiet  posture  was  maintained,  b«l 
the  exertion  of  ascending  one  or  Ivro  Aighl*  of  stair*,  or  widking  a  few  blocks,  alntoil 
faiwiahly  eacited  much  pain,  accompanied  with  a  very  iliUreoing  ihoCnenof  breath. 
The  patient  remarEied,  as  a  utigular  fact,  that  while  tui:lt  slight  elTorU  readily  caused 
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caxdiac  dUlraas,  it  wu  poadble  For  him  to  excfciM  quite  rMeally  with  l^t  dumVbcDs, 
and  yci  saRa  {mm  none  of  tbe  evil  efEecU  that  might  fioiB  analog  be  eap«cted  to 
rottow.  The  first  two  applicatiunt,  givai  in  November,  1867,  w«re  foUtnrtd  hjr  bo 
^)«ciAl  r»uhi. 

Trcatmeat  with  a  ]M>werful  faradic  current,  on  a  third  oocuion,  conttdcrablr  a^ 
gravatctl  the  tyimptoiut.  The  fourth  ipplicalion,  given  with  a  milder  cuncnt,  *rorhcd  < 
an  immcdialc  change  for  the  (lellcr. 

The  {Kun  wa»  ininiediitcly  <liuapated,  anil  fur  two  dayi,  until  we  law  hnn  again,  he 
was  far  better  than  he  li*d  been  for  months,     I(e  walkn)  a  long  dtdancc  mthoat 
being  at  all  oppreued  in  breathing,  and  al  night  he  was  quiie  comfortable,  although  i 
heretofore  his  i^mptoms  were,  u  a  rule,  mach  aggTaviiie<l  at  lliu  time.     On  the  left 
tide  ofthc  ficck,  Ibe  spplicaiion  excited  pain  that  proceeded  toward  ilic  che^   On  lb* 
right  side,  no  tucli  cDcct  was  noticed.     Without  detailing  farther  the  incidents  coo- 
Dected  with  thUcaie,  we  will  umply  ay  that  treatment  by  both  ciirrenl%  logether  with 
pctiittcni  inedicatvoii,  accomplished  merrly  occational  and  lemporary  MneUoratlon  ol 
hisitiitreuiiig  Hyniptuiiu,     It  '»  true  that  I'hy^iral  exploration  gaire  no  evMeooe  of  vt- 
((anic  legion,  hut  iii  cunnileralLLin  of  llie  utid\fuble(l  gouty  diatfaob,  together  with  ibb 
per^i^Ent  character  of  the  symplums  there  cuuU  be  ru  hesitation  in  dedaring  thii 
existence  of  Bomo  irrepaiatlc  MmcturaJ  diMit&c.     It  is  imposabic  to  acconnt  for  ibaj 
letnporar)'  hut  marked  amelioration  tliat  on  dilTerent  occasions  followe^l  the  apj>lin>  I 
lion^  without  we  refer  it  to  the  inilil  anunlhetic  eCfcct  of  the  faradic  current. 

UiseM/t  of  the  Lungs. — Kor  diseases  of  tlie  lungs  elecirixaiion  ha» 
accoinjtlishetj  less  than  in  any  other  department.  The  recognized 
gravity  of  [jhlhisiii,  together  with  titc  d  prieri  improbability  that  it  coutd 
be  directly  cured  by  ai)y  known  methods  of  using  electricity — ihew 
two  causes  have  deterred  electro-therapeutists  from  making  even  experi- 
mental a|i]>iicalions  to  diseased  hings.  One  author — Bastings,*  of 
Brtissels — however,  has  reported  most  astounding  results  frotn  faradiza- 
tion of  the  muscles  of  the  chest.  If  we  accept  in  good  faith  the  state- 
ments of  this  atithor,  even  the  second  stages  of  phdiisis  may  be  cured 
by  this  method,  which  seems  to  affect  the  lungs  not  directly,  but  in- 
directly, through  the  muscular  development  which  it  causes,  and  the 
greater  amount  of  oxygen  which  it  enables  the  lungs  to  breathe. 

The  amazing  statements  which  the  author  advances,  concerning  the 
cure  of  consumption,  arc  entitled  to  more  con^deration  than  th«y 
would  otherwise  receive,  from  the  fact  that  the  fundamental  idea  on 
which  his  treatment  is  based,  namely,  that  (aradieation  of  the  muscle* 
— elcctro-muicular  gymnastics  —  markedly  increases  their  »i»e  and 
strength,  ami  also  improves  the  general  nutrition,  is  eminently  sound 
and  thoroughly  demonstrable,  as  we  have  shown  during  all  our  investi- 
gations in  electrotherapeutics. 

*  Die  Lunscnccliwind'fltcht  und  ihre  Heilung  dorch  Electiidtitt.  Translated  from 
the  French  by  Dr.  Silbermanii.     Eriongen,  1866. 
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Vauftt  •  haa  expcrimcnicd  with  the  rnclhod  of  Basting  j—electro-mus- 
nltr  gymnastics — in  growing  children,  who  were  not  affected  with  any 
special  diathesis,  but  who  ^*presen/ed  the  apfiearame  of  debitity,  hiu 
I'uor,  and  tack  ef/crcs  so /recently  found  among  the  poorir  dosses." 

The  results  were  "  wondcrfuL"  Noi  only  were  the  muscles  of  the 
chcBt  greatly  increased  in  eize  after  a  number  of  applications,  but  theit 
"  breathing  was  deeper,  their  appetites  belter,  and  they  were  morr 
cheerful  and  lively." 

After  six  months'  treatment  the  increase  was  still  more  marked  in 
some  of  tlie  cases.  According  to  our  experience,  the  growth  of  the 
muscles  under  faradization  is  at  first  quite  rapid,  but  subsequently 
much  slower,  and  in  a  few  months  becomes  stationary. 

lutings  has  used  these  electro-muscular  gyiiinasti$:s  in  consumption. 
Dot  with  a  view  to  directly  affect  the  tubercuious  deposit  at  alt,  hut,  ffy 
strengthening  the  muscles  of  the  chesty  to  so  imfirore  the  respiratory 
power  that  metre  air  eon  be  inspired,  and  so  benefit  result  to  the  healthy 
portion  of  the  lung,  and  indirectly,  through  better  oxygenation  of  the 
blood,  to  a  certain  extent  on  the  diseased  portion  and  on  the  whole  system. 

The  method  and  principles  of  ucatment  in  all  his  cases  was  snbstan- 
tially  similar— electro-muscular  gymnastics :  about  half  a  minute  was 
given  to  each  muscle,  and  about  five  minutes  to  each  sitting.  Pro* 
longed  treatment  was  found  to  be  injur  tout. 

The  general  statements  of  the  author  were  confirmed  by  Dr.  Bo»gard.f 
who  oMrms  that  the  patients  remain  cured  for  one,  two,  or  three  years. 

Dr.  Crocq  also  speaks  favorably  of  tlic  method  of  Bastings,  although 
in  the  treatment  under  hts  own  direction  of  the  very  severe  cases  of 
consumption  in  the  St.  John  Hospital  he  obtained  no  positive  results. 

Although  the  beneficial  effects  of  muscular  exercise  in  consumption 
have  long  been  conceded,  yet,  in  the  present  state  of  the  professional 
mind  on  the  subject,  the  statements  of  Bastings  will  need  more  numer- 
ous indorsements  before  they  are  accepted. 

We  would  suggest  a  method  of  treating  pulmonary  taberculosiSf 
which,  so  far  as  wc  know,  has  not  been  used,  but  which  is  surely  worthy 
of  a  trial.  This  method  would  consist  in  external  galvanisation  of  the 
diseased  portion  of  the  lung  with  a  mild  stable  current.  The  electric 
current  might  thus  act  on  the  diseased  lung,  as  it  acts  on  inflamed  and 
ulcerated  surfaces  elsewhere. 

•  UedSdnbdtet  Jovnal,  vol.  38.  Junl  iS04,  p.  599.  Sitiung  dw  Oetctlvhift  ftr 
HcdUin  ud  NaturwoKDicluften  eu  BriJuel,  votn  3.  Mai  t&Oi|.  Thi(pa]jer  b  ]«» 
Knudlathe  work  of  Sastinp.abovB  i{UOted,  p.  119  ct  nf. 

t  Op.  dt.,  p.  147.     Loc.  cit.,  p.  143  CI  wci. 
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KxorHTnAi-Mic  goitre  is  so  comparatively  infrequent,  and  its  path* 
olog)'  so  impcrreclly  tinflcratood,  that  JK  therapeutics  have  necessarily 
been  more  or  less  uncertain.  When,  therefore,  the  use  of  electricity  is 
suggested,  the  qiicsiion  that  first  arises  in  the  iiiicids  of  those  who  have 
but  liltlc  praciical  experience  in  methods  of  electrical  treatment,  relates 
to  the  kiiul  of  current  and  the  details  of  ils  application.  In  regard  lo 
the  current,  every  physiological  consideration  and  all  experience  points 
to  galvanism  as  pre-eminently  indicated,  and  yet  we  must  bear  testi- 
mony to  the  fact  ihat  the  farailic  current  is  not  in  every  case  useless. 
The  applications,  however,  must  not  be  local  but  general,  after  (he 
method  of  general  faradization,  and  in  a  ctrriain  proportion  of  cases 
where  there  is  ana:tiiia,  v-ilh  marked  nervous  irritability  and  physical 
weakness,  benefit  will  certainly  follow,  provided  always  that  the  opera- 
tor will  take  sutficient  trouble  to  appreciate  the  various  steps  of  tbo 
process  and  make  his  applications  practically  cflicienl. 

In  the  use  of  the  galvanic  current  upon  which  wc  are  mainly  to  rely, 
we  have  obtained  good  results  by  placing  the  cathode  over  the  cllio- 
spinal  centre  above  the  seventh  cervical  vertebra,  and  the  anode  in  the 
auriculi>maxillary  fossa,  gradually  drawing  the  latter  (after  a  few 
moments  of  stabile  treatment)  along  the  inner  border  of  the  stcrno- 
clcido-masloid  muscle  to  its  lower  extremity.  The  second  slop  in  this . 
process  consists  in  removing  the  anode  to  the  position  occupied  by  the 
cathode,  and  placing  (he  latter  over  the  solar  plexus,  using  for  a  uiinule 
or  so  longer  a  greatly  increased  strength  of  current. 

In  one  ca*c,  failing  after  considerable  effort  to  accomplish  more  than 
a  very  moderate  degree  of  amelioration  of  tlic  symptoms,  we  made  use 
of  currents  that  were  rapidly  increased  and  diminished  every  few  sec- 
onds, as  described  in  Case  i8t,  with  very  great  benefit. 

Subsccpienily  to  this  we  came  across  a  case  originally  published  by 
Dr.  Ancona,  in  the  GiornaU  Veiu/a  di  sciense  mediehe,  which  had 
escaped  otir  notice,  where  an  obsitnatc  and  severe  case  of  Graves'  dis- 
ease had  been  cure*!  by  this  method  of  current  intcmiption.  The  cure 
was  accomplished  only  after  the  administration  of  one  hundred  appU- 
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cations.  Exophthalmic  goitre  is  uudQubtedly  or  centric  origin,  and  in 
many  ca^cs  structural  changes  of  the  sympathetic  inusi  unilediu  all  the 
obsen'cd  Bymiitoms.  On  the  other  hand,  the  rapid  recoveries  that 
hrtve  bcirn  known  to  follow  the  administration  of  certain  methods  of 
trcilnicnl,  render  it  in  the  highest  degree  i^robabte  that  the  syuiiJtoiiis 
may  dc]>cnd  as  well  on  functional  causes  alone.  Its  onset  and  course 
have  been  30  frequently  and  fully  described  that  it  seems  entirely  un- 
necessary  to  attempt  any  detailed  description  of  its  numerous  symp- 
toms oihcr  ihan  what  will  he  found  in  the  3ccoin|>anying  cases.  One 
fact,  however,  in  our  own  experience,  that  will  be  nuied  as  the  cases 
are  given,  striiccs  us  as  worthy  of  a  moment's  attention,  and  that  la,  the 
frequency  of  the  disease  in  ils  mconiplelc  fonn.  By  this  is  meant  Ihe 
cases  where  the  exophthaliiiu&,  the  thyroid  enlargement,  or  the  cardiac 
symptoms  were  either  absent  or  but  slightly  developed. 

In  three  cases  the  eyes  were  very  little,  if  at  ali,  aiTected,  while  the 
cardiac  pia]|iitation  and  thyroid  swelling  were  very  decided.  In  one 
case  the  pulse  was  but  88,  iWiiie  the  other  two  symptoms  were  dis* 
tinclly  present.  In  every  case,  however,  that  has  fallen  under  our 
observation,  the  thyroid  was  large  and  pulsating;  and  yet  Trousseau 
and  others  report  cases  which  they  regard  as  true  examples  of  Crraves' 
disease,  where  there  was  little,  if  any.  evidence  of  glandular  enlarge* 
ment. 


Extfhiiaimit  gMtre  of  ont  yfar*t  ttitn/iing — tnertaied  tfrnftraitrt — Ketnferjf 
/aitnot  Ji/lefH  af>fi>faiioiu  if  gAivanitm. 

Cass  CLXXV.— The  ptlient,  John  L ,  wb«  >  pole,  slim  man,  need  39,  and 

by  occupAtioD  a  compwdlgr.  The  tliiee  curdiiMl  tymptoms  of  tbc  disease,  vii,  : 
exophtliAllDtU,  swelling  of  the  thyroid  k'-""''*  ''<*''  pilpiiuton,  were  pretent  in  a 
mariced  dcEree,  and  in  addiiinn  (here  wu  a  want  of  haiiiiony  lictKCcn  the  itiovc- 
tnnit*  of  the  upper  eyelid  and  eyeball,  a  plicaomcnon  ftnt  oboervcil  \>y  Voa  Graefe, 
and  by  him  rrgaided  a«  patliognomanic. 

The hiEioty  and  antecedcnltof  ibecuesrciu  follows:  Tbenothef,  Dowdeeeased, 
mTefed  from  epileptic  wieure«  from  the  ear)ie«t  remembrance  of  our  patient,  wliile 
an  older  »islcT  «ras  the  victim  of  frci^uent  &vA  seirere  altackc  of  hysteria.  Tlie  faihcf 
had  been  latemperate,  and  died  of  delirium  Iremcnv  It  would  Ihii»  leem  that  we 
lui'l  in  this  htuory  ttroand  for  a  belief  in  tbe  importance  of  the  leUlion  of  Iteredilaiy 
inHiirnces  to  lh«M  condtTicinn. 

The  heallli  nf  the  patient  up  10  his  twenty-fifth  year  had  been  nniformly  cood.  and 
the  un)y  evidence  of  a  neurotic  prediipoiitiun  was  an  occarional  and  nncxplainable 
leniency  to  iitMOiTmb  for  a  year  or  *o  pccvioui  to  the  first  symptoms  of  his  disette. 
We  first  saw  the  man  July  6,  1879. 

Durln(t  tb«  iummer  of  1A78  lie  obcerved  a  stisht  mrelling  of  the  thyroid ;  very  toon 
after,  coDuderable  pal)>itaiion ;  and  later  ilill,  )HuUiutoii  of  the  eyeballs.    It  U  to  be 
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noted  in  pudng  that  tbe  order  of  the  onset  of  the  tymftlonit  it  ununal,  the  thjrrubt 
enlftrgcfnent  ntually  Iteing  second  in  ut^«r  of  development  ttutcad  i>f  fint. 

On  our  fim  examination  wc  found  the  gland  enbfgcd  to  about  the  aite  of  tlie  fitt 
of  0.  diild  of  leii  yej/i,  the  pul*e  beaiiiij;  in  frequency.  125  to  the  minute,  while  the 
proinision  of  the  globe  of  the  eye  was  u  ccit  as  iii  niy  case  we  have  seen.  Hy  mb- 
sequent  eaamiaation  w«  found  that  the  pulM  ranged  from  tio  to  13a  On  three  dif- 
ferent occuions,  where  the  axillarf  thermometer  was  iiKd«  it  naiked  ioo\  toi'i 
100.4'.  "^^^  appetite  of  the  patient  «-a>  paor,  his  Mcretions  disorderedl.  sod  bis 
general  tircugth  iiiipaited.  After  Mine  prelimioaty  medication  of  a  corrective  naiuie, 
we  gave  the  ordinary  prescription  ol  quinuie  and  iion,  and  at  the  same  time  began 
the  applications  of  the  cAl^^nic  current 

The  force  and  rapidity  of  the  heartbeat!  were  greatly  modiAed;  and  accompany- 
\ng,  or  rather  foUowinj^,  by  a  week  or  ten  days,  this  subsidence  o(  the  rialeni  palptia- 
tion,  there  wai  a  very  noticenlile  decrcajte  of  the  exi>phlhalmu&.  A  decrease  in  the 
nM  of  the  thyroid  vrm  not  observed  until  tome  dayi  after,  and  tILuppeared  with  much 
|e«i  raj^dity  ihxn  the  other  symptoms.  In  order  to  hiuten  the  cure,  we  very  carc- 
fiiUy  pctfortneil  elecirolysis  oo  two  occasions,  and  with  evident  benefit. 

At  the  <lale  of  writing,  Augu.4.1  20,  [$79,  after  having  received  fifteen  spplicatioos, 
the  patient  hat,  so  far  as  reiatcs  to  the  palpitation  and  exophthalmn^  enlirel/ 
recovered. 

The  goitre  hai  deneaaed  in  tiie  fully  two-thirdi,  and  in  quite  hard  and  (irm.  a 
change  which  is  to  be  attributed,  in  all  prol>al)iUty,  to  a  liyperpiaMa  of  the  glandulai 
tissue  taking  the  place  of  the  dilated  vessels. 


We  place  the  following  case  on  record,  nol  only  because  of  the  bene- 
fit accruing  from  ireadneiu,  but  as  illuslnuive  also  of  two  rare  syniit- 
totns  in  connection  with  Graves'  disease,  v\i. :  ist.  Dilatation  of  the 
pupils,  zd.  Su'elling  and  pulsation,  in  the  region  of  the  solar  plexus. 
Wc  arc  not,  indeed,  aware  that  any  case  of  Graves'  disease,  in  which 
this  last  syriii>tom  may  have  possibly  been  observed,  has  ever  before 
been  published. 

Accepting  the  theory  of  a  dislurbance  of  the  sytnpathetic  as  8  cause 
of  this  affection,  it  is  not  rctnarkablc  that  its  lower,  .is  well  as  its  upper 
gajigiia,  should  be  the  seat  of  the  disease,  sufficient  to  cause  a  dilata- 
tion of  the  vessels  branching  from  the  cceliac  axis,  analogous  to  thai 
observed  in  the  arteries  of  the  thyroid  gland.  In  consideration  of  the 
rarity  of  this  symptom,  therefore,  it  is  inleresiing  to  recall  the  fact,  that 
in  eight  autopsies  wliere  chanyes  were  observed  in  the  sympathetic  and 
its  ganglia,  they  were  confined  to  the  cervical  portion,  the  thoracic  and 
abiloniinal  s>'mpathetlc  being  entirely  healthy. 

In  this  case  there  must  ncce<isarily  have  been  marked  disturbance  of 
the  lower  ganglia,  but  the  complete  and  permanent  disappearance  of 
the  gastric  swelling  would  seem  to  preclude  the  probability  of  the  exist- 
ence of  any  lesion. 
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In  the  very  few  cases  of  exophthaliTiic  goilrc  in  which  dilaiation  of 
the  pupils  has  been  ohservctl,  the  cause  is  supi)ose<l  to  be  due  Ui  a 
*'  paralysis  of  the  pupillary  branch  of  the  oculo-motor  nerve,  conse- 
quent on  netiro-paralytic  dilatation  of  the  vcs»<:lii.  The  isolated  par- 
alysis of  this  branch  (the  other  hbres  of  the  motor  oculi  remaining  im- 
affected)  is  referred  by  Stellwag  to  ihc  fact  that  the  branches  destined 
for  the  pupil  do  not  join  the  other  oculo-motor  tibres  until  after  the 
latter  have  crossed  ihc  crura  cerebri,  ami  that  they  have  been  proved 
to  originate  from  several  ceolres  of  variouis  function." 


iLxvpklkalm'u  X^itrt,  wtk  bilatrral pert^iralhn,  tnlargtJ  fiufiilt,  tte.^Rapid  and 
Jetiiled  rtHtJt  tut  net  a  pfrfett  rK4ivtry. 

CasbCLXXVI. — Mrt.  G ,  agcil  almui  40,  nine  to  us  for  I  be  relief  of  an  «x- 

ophiholmic  goilrc.  May  3,  1876.  The  eyes  were  much  protruded,  the  thyroid  promi- 
nent, and  the  cardiac  |Mlpitaiioa  violenL  Tlie  avera^  frequency  of  the  pul«c  was 
about  1 1 5,  but  on  varions  ooc&uont  we  found  that  il  was  beating  at  the  rate  of  140 
to  ttie  minute.  'I'be  paliaU  was  annoyed  by  ptofufe  bilateral  per^inttton,  tht  fiifitlt 
were  enlirjiiJ,  and  vertigo  waa  a  frcijucnt  n^mploni.  The  appetite  wat  ^enc[»lly 
guixl,  but  ^e  complained  uC  much  naugrea. 

She  rercfred  to  one  ottier  symptom,  vrlilcU,  If  related  to  the  dUeaie  as  an  effect,  as 
it  \ruulil  seem,  was  c^uitc  new  to  nt.  Sab»c([ucnt  to  the  development  of  ttie  three 
carilinal  EymptomK,  which  occurred  In  the  fbllawtng  order— palpitation,  thyroid  cii- 
lar^cment,  exophtltaitnu*,  a  cwellmg  appeared  near  the  pit  of  tlie  itomach,  which  in 
tiic  and  vigor  of  puliation  was  more  marked  Ihaji  the  goitre.  We  may  icntark  that 
I'r.  S.  S.  Purple,  of  New  York,  bad  ntleiidetl  the  patient  in  Kveral  continements, 
and  was  coeaiunt  of  the  discaK  in  qucstioa 

Dr.  Pnrpic  informed  us  that  ^he  hnd  titffered  much  from  malaria)  poison,  to  which, 
together  with  the  effect*  of  a  labor  of  some  severity  shortly  previoos,  might  ]>0Mibly 
he  altTibuted  the  tymptomt  in  cguntion.  Tlie  lirtl  iign»  of  the  di«eaie  were  manifc*! 
sonic  three  yeai*  before  «he  came  andci  oiw  observation. 

We  administered  to  thi^  patient  seventeen  applii.-a(ioTi»,  ten  of  which  were  with  the 
ealvanic  eurrenl,  locally  applied,  while  M:vcn  were  with  the  faraciic  current,  and  were 
more  general  in  their  nature.  Amelioration  followed  very  quiiikly,  and  at  this  date 
( I K80)  the  only  symptom«  of  the  divue  i^  a  very  slight  swelling  of  the  thyroid,  and^ 
in  a  modified  form.  »  tendency  to  occaiioDal  cardiac  palpiialicmi, 

KxfpAtAaimk  gritrf  attvriattd  toitA  tfimat  irritation — ApproximaU  reravtrjr  /ot- 
tvwi  galvitniiotian  and  gettfrai /aradiiation. 

CABsCLXXVIl.—Mrs.  E ,  aged  31,  married,  and  the  mother  of  two  children, 

wa.f  seen  with  Dr.  I.  1).  lAtaA.  She  fmt  ob^rvcd  an  appreciable  increaiie  in  the 
rapidity  of  the  heart's  action  in  the  fall  of  1S78.  About  (he  same  time,  or  soon  after, 
as  *fae  was  standing  Itefore  the  mirror,  her  attention  was  called  to  an  iocrcaked  ful* 
ness  atioDt  the  neck,  and,  upon  pawdng  her  hand  over  the  part,  she  became  avrare  o( 
what  the  termed  a  beating  senutlon  and  a  sofier  feeling.  These  symptom*  increased 
tomewbat  rapidly,  until  they  assumed  the  condition  prefenled  when  the  cate  came  to 
ui  in  October,  iS;9l     At  thb  time  the  heart  was  beating  at  Ihc  rate  of  lao  10  135 
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per  miaulc,  uid  on  exerciie  or  un<1er  cNcitciiicnt  i(  weal  up  Id  I50|)er  nliiule.  The 
thjrroiil  eiiUrgemciit  vm  marked,  though  uol  cnortnutu,  wtiile  llw  cjm  were  quite 
pratuberjint  and  liloocUIiol. 

Aruund  lh«  neck,  over  (h«  thyrokl  gluid,  tfie  meftsnrvnient  wu  Rftevn  inchw. 
The  paiicnt  vm  clUototic.  hysterical,  and  nenrottt  Co  iIk  lut  (tegree,  and  it  was  with 
the  greatest  difficiili]r  that  the  oould  be  induced  to  submit  lo  the  neceasvy  eauuBiiu- 
iinMt  and  ireatment.  The  spiDc  wa&  ciccodinglf  sensitive  to  pressare  ail  along  its 
counc,  and  especially  between  the  scftjtulo:,  wbefn:  lircn  preetMire  mvariabl}'  caiHcil 
naiueat ;  And  on  ibe  ucmuion  of  her  second  visit,  while  running  our  fin^erk  down  tl>e 
bicfc,  and  lingerini;  for  m  moment  with  a  wmewliat  increased  pTinturc  over  the  more 
BMUitive  portion,  she  imniCLiiatcly  but  quietly  rcjecte^l  lier  breakfast,  which  had  been 
taken  an  hour  bcrore. 

It  is  to  be  remarked  that  the^e  evidences  of  spjiuil  inilBtinn  and  extrane  nerroa^ 
neu  )>ccante  mantCed  only  nfler  the  apjicarance  of  sympToias  indicating  exophthalmic 
|>oilre.  The  only  cause  which  wemed  co  l>car  any  relation  to  the  onset  ol  the  diwAM 
wan  llie  uiic  thai  hai  t>ecn  *-o  rre<[uently  olnetved,  yU,,  childbittli.  A  sbon  time  pre- 
viouKly  »hc  had  sufTcied  Irom  a  long  nitd  tcdiout  coiiltnement,  Init  her  recortry  hod 
been  apparently  quite  satufadory.  We  rabmitted  her  to  the  tcoal  methodt  of  gal- 
vaniuiion  of  the  fympalheltc  anil  central  galvanuation,  and  with  ion>e  henefil.  The 
hc.iil's  a<:tiu[i  becanic  !>umi^wliat  more  regular  and  leis  (requcnl,  the  goitre  decreaicd 
a  little  ui  Kite,  and  the  spine  bcciiinc  fm  ten«itivc. 

Improvemeitt,  however,  ceased  at  tlil>  poiDt.  and  the  cue  remaininj  flalionary  foi 
nearly  a  month  we  attempted  general  faradization. 

We  have  on  several  occaiion*  pointed  out  Hie  fact  ihat  general  faradJiation  it  often 
mou  cfTeclive  in  lowciing  a  pulse  that  i%  rapid,  as  a  resultant  of  nervous  cKcilcmenl, 
and  increasing  its  tiremglh  as  well,  when  it  i>  Imth  rapid  and  weak  Ihrough  nervous 
eahauition.  Tliiieffecl  upon  the  piilw,  as  experience  shows,  and  as  electrophyUolof^ 
teaches,  U  most  ficquently  observed  in  exophthalmic  goitre  artcr  the  use  of  the  gal- 
vaaie  current. 

In  (his  case,  hovever,  after  ipli-aniiation  ha-I  ceaied  to  be  cITeclive,  general  Can* 
ditalioii  was  followed  by  a  itill  greater  diminution  in  the  frerpiency  of  the  palw^  by 
(Jccreaic  in  the  Ihyroiil,  anil  leMencd  oeii«ibtlity  along  the  "pine.  After  twenty-five 
applications  of  general  faradtzaiion.  administered  in  (he  course  of  two  months,  the 
meaiurernent  of  ihe  neck  had  decreased  by  two  inches  leavlnt;  a  very  slight  but  hard 
enlargetocnt  in  place  of  the  larger  and  softer  Inmor  that  iras  present  at  Ihe  bcginnini; 
of  treatment.  The  frequency  of  the  pulse  decreased  to  about  Sj  per  mtnntc,  and  was 
not  particularly  suscqitible  to  siuJden  llucCualioaa  under  excitement  or  exertion,  while 
tlie  had  gained  iniincii>cly  in  nervous  stren^'th  and  M:lfH.»nCrol. 


ExophihatmU  gMtre  a/  /ten  yean*  ttaHding.—Trtalment  rtrnUt  in  hut  sligJU 

ienrfit, 

CasbCLXXVIH.— Hiw  M .aged  21,  was  »eea  with  Dr.  E.  B    BcMcn,  Oct. 

l8»  1879.  Mcntiruation  bci^Jii  at  the  aijc  or«cveiiieeii,  tjut  ufa*  scanty  and  irregnlar 
for  two  yc»r^  afler  which  for  awhile  it  appeared  nnrmally.  At  the  age  of  twenty, 
menitrnation  again  became  irregular,  and  attended  also  with  ctanipii  and  eoniideralile 
ptin.  At  Ibis  time  appeared  the  (irtt  evideace*  nf  exophthalmic  goitre,  and  when  wc 
•aw  her  [wo  yean  mbsequentlyt  the  three  cordioal  symptoms  of  the  disease  wen 
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qutie  pranounc«d,  althougit  modcrale  in  dqfn^  cotnp&te<I  to  tbc  fVir^ouig.  Tlie 
pul»^  ai-eragcd  About  8S  per  miiitile.  Tlic  eyes  weie  slighclf  prxutiliciant,  while  Iha 
neck  mcuureincnt  ova  the  enlarged  gland  «ra«  fifteen  int'liei;.  Opportuaitf  wa> 
airorclcd  of  teeing  lhi«  patienl  hui  a  (.-oiii)kii-ii lively  shoU  ijiiie,  but  in  ihc  few  applica- 
tions lliii  weie  (C'ven,  the  citcvinreicnce  ot  the  neck  over  the  gland  wa»  rcducod  to 
fauricen  and  oDc-.]uAricr  indict 

The  pubc,  however,  became  ouukcdly  modified,  d«cTc&uag  lo  the  uormal  ktuuUrd, 
73  per  minote. 

A>  wc  are  recording  thb  caie,  the  patient  agiun  calls  at  cur  ofRcc.  It  it  now  fivs 
mnntli*  kince  the  ircalmBUt  w»  ilii«ouiiniic<i,  and  the  paL»e  k  found  to  be  73,  ihe 
nme  at  recorded  at  that  lime.  The  nci;k  meaiuret  fuurceen  and  a  half  iiichen,  sliow- 
Ing  a  :itci>ht  increate  during  the  interval,  although  smaller  by  one-half  of  an  inch  (ban 
it  was  previous  to  submitting  to  trenlment. 

An  intrrcving,  though  not  remaikahlc  fact,  connected  with  Ihe  oi*c,  is  il*  relation 
Id  the  inenUrual  fuiicliun.  At  the  a^e  of  twenty,  when  iiien%tiuuiiL>i>  became  trrega- 
lar  and  scanty,  the  diwa^e  be^an  Co  manifeM  icteLf.  Two  yeart  subsequently  thi 
diminuiion  in  the  i^iire  and  decrease  in  Ihe  frequent  of  the  pulK  wcte  Mmultancout 
with  a  more  regalat'  and  alcogelber  better  perfurmancc  of  menniruaiioD-  After  the 
cesialion  of  the  (renlmenl  ihc  remained  belter  unlil  a  &horl  time  before  this  latl  visit 
to  whirh  we  have  jii<^t  alluded,  when  there  wai  .1  retenttan  uf  the  menici,  fi^llowed  by 
home  incrcaAe  in  tbc  stM  of  the  thyroid,  and  rq  accderatcd  aclUin  of  the  heart. 
T1uouj;h  ll)e  ad minikl ration  of  medicine,  mcniuuaiion  was  esiabli&lied  in  about  a 
week,  remittn^  in  a  modilication  of  the  sytnptomt  that  had  been  cxciied, 

£xefhtkaliitk  goitre. — Fuiie  txfttdingly  rapid. — Eyn  tfighify  pretiAtraut. — Vtry 
tittlt,  if  any,  ietttfii  fitlU^os  tnatauHi. 

Cass  CLXXIX.— Mis.  C was  seen  with  Dr.  Frank  Wilmuth,  of  OrangCb 

N.  J.,  Nov.  17,  1879.  The  enlargement  of  the  thyroid  wat  cumideralile,  but  tha 
cyc«  were  not  at  all  afKectcd  The  pulse  was  rapid,  bcACing  ordinarily  at  135  fct 
minute,  but  reaching  160  when  under  excitement. 

When  aiJcet\  it  was  but  95.  The  )Attient  wat  the  mother  of  two  children,  and 
althoneli  her  last  labor,  four  years  since,  was  somcwlui  severe,  it  could  hardly  have 
enlered  at  a  faclor  in  the  fauuiinn  of  Ihc  di:teaie.  ttince  (he  Brut  evidences  of  cardiac 
ditfuilKUice  ap|)earcd  tlircu  yean  *ul>»oiutntly.  The  symptoms  were  coincident  with 
cKhauntion,  foltowing  hard  work  at  hai[<c  cleaning.  The  ijalicnl  iubtiiriled  to  con* 
aiderable  ireattnent,  but  her  residence  was  at  such  a  distance  that  the  viiits  wef> 
neoeawily  rather  infrequent.  Il  it  by  do  means  clear  to  our  mlud,  that  ilic  necea- 
tily  of  ridine  so  far,  both  tiefare  and  after  each  visil,  did  not  interfere  somewhat  with 
the  efficacy  of  the  treatment.  At  all  evert*,  no  impreuliin  was  made  upon  the  dia- 
cate.  other  than  some  slight  dimioulioii  iu  Ihc  rapidity  of  the  pulic. 


SxofAtkaimk  goitrt  in  a  lady  agtd  thirty.ftnr. — Inttrtsling  moJificatieM  of  the 
pnUt-italt  by  gaivanitatMH. 

CK^t.  CLXXX. — Miu ,  ai;ed  34,  came  (o  ut  from  Dr.  Jame«  Collnrd,  of 

Weslfield,  Mas&t  with  a  goitre  of  considerable  tiic,  but  with  very  slight  protuber- 
ance  of  the  cyeii     TiiIm.  112.     Menuruation  wa>  normal,  but  Ihe  patient  wasex- 
Iremcly  nervous  and  depressCiJ.    }Icr  motlver  hat  an  enormom  goiire,  which  hat  been 
40 
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developuuE  for  thin^  year&  Both  brother  and  wXer  died  uf  lj*sly  consoinixinn,  and 
fiire  yau«  ago  ihe  patiem  herscir  had  a  iMsti  Itcinorrli^^^.  Tbe  pniK  wu  found  to 
intertnit  some  dght  limes  a  niiimce. 

Vi£  uw  the  palicnl  but  three  wccles  what  the  wu  coiapelled  to  leave  the  dty^ 
lUhongh  il  i«  propoiel  to  cantiuU'C  the  trcatincnt  ekcwhctc. 

Under  the  skoit  ticAtmcnt  thai  ibe  received,  the  [)ulie  \aa  itsintcnniltcat  cUric- 
ter  snci  became  entirely  n^ulu'.     At  the  iamc  lime  the  patient  was  rendered  nnc 
leu  Dcrvous. 

Anitlc  Iroin  ihii  b»l  Uttle  was  accomplished.  The  cam  i»,  however,  especially 
wonhyof  record,  bcc&asc  of  the  very  inieresting  leiaporuy  rckulta  that  foUowoL 
variou*  applicalioni^ 

On  counting  the  pBl«c  aiiring  the  Tiriit  galvanic  application,  no  Intcmmuoil ' 
detected.  A  few  momeut*  afiex  ihc  remova!  of  the  cleclrcKies,  it  intcrmitteil  as  i 
dgiit  bcaifc  to  the  minute.  The  wme  rtsulls  followd  a  leconr!  applicaliun,  with  the 
exception  thai  after  the  removal  of  the  ciccttwics  ilw  pulse  began  to  intermit  bat 
three  or  fonr  limes  a  minute,  and  after  ihc  fourth  application  it  becainc  permancntlj 
rhythmical.  At  one  time  dunng  the  treatment  the  pulse  fdl  to  67  and  w  1 
far  some  lime. 


£xofAtAalmic  gntrt  of  fivt  ytctrs^  diration — tfirovtry  mnder  atrrents  of  gal 

Httm,  aUtrnatefy  itcreaitd  and  dimiiusAtii. 

Cask  CLX.VXI.— Mtu  C  II ,  aged  39,  came  to  u^  &eptem)>er,  1S79,  with  1 

ecpecially  intereiticig  and  Iniiiuctivc  history,  iincc  it  illustrates  how  varying  may 
Ihe  manifcMations  of  a  ncrvouG  diathesia. 

Uutiiig  childhood  &he  had  tufTered  long  and  severely  from  St,  Vitni^  dance,  whicb 
did  Rol  entirely  rtisappcar  till  mcntlruoiion  wu  estabUabed  at  the  age  of  fourteen. 
From  the  fint  lliiii  fuoclion  wai  pet  formed  irregularly  and  painfully  until  the  age  o{ 
eighteen,  when  U  suddenly  ceased,  and  for  several  years  she  was  afflicted  with  peri- 
odical hysterical  sclrures,  together  with  a  more  or  lea  conitanl  jerking  of  the  head, 
with  a  hesitancy  oT  utterance  und  an  occft'sional  [tartiil  lots  of  con«cian*oe»  that 
simulated  attacks  of  hystcro-epilepiy.  At  the  age  of  iwcniy-one  meninmalion  .-igain 
appeared,  but  irregularly,  and  at  the  *am«  time  her  general  hnllh  koraewltat  im- 
prove<l.  In  lime  her  courses  came  on  more  regularly  and  less  painfully,  but  8t  Xhml 
age  of  twenty- four,  after  an  attack  of  malarial  fever,  menMruaCion  failed  to  reappear. 

It  w:is  at  this  lime  that  she  began  to  be  annoyed  by  an  cxcesivc  palpitation  of  the 
hcatt  following  cxcFtlon.  and  very  soon  her  allcniion  was  called  lo  a  deciileil  enlarge- 
ment of  the  thyroid.  This  enlargement  gradnally  increa.ted,  and  when  wenaw  her, 
about  a  year  subsequently,  it  wiw  very  large,  soft,  and  pulsating.  TTie  measurement 
around  Ibe  neck  over  the  tumor  was  sixteen  and  one-tjuarter  inchei. 

The  pulse  beat  at  the  rale  of  1 10  per  minute — white  the  exophtbalmui  wu  very 
greit. 

After  the  patient  had  been  subjected  for  a  short  time  to  the  usual  external  treat- 
ment liy  the  galvanic  current,  but  willioul  any  special  reference  in  its  direction  to  the 
menMrual  funLtion,  the  courses  appealed  slighlly  for  a  day  and  then  ceaxd.  On  ix- 
eniinin^  the  pulie,  however,  it  wa»  fnunJ  that  it  had.  decreawil  in  fioqueacy  to  some* 
what  less  than  loa 

The  !>ame  method  wu  repeated  for  some  three  weeks  longer,  when  we  had  the 
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plcature  of  showing  llie  cue  to  l>r.  P.  B.  Porter.  \t  thEs  time  the  pulce  «u 
Abuui  90,  anil  the  tumor  had  dccrcaiAct  bat  about  an  inch.  The  cxophthalmui  h&il 
been  only  iJigbtly  inJlucnccO. 

Deci'ling  to  change  the  nnclhod  of  treatment,  we  plftosd  ime  electrode  (the  anode) 
direcily  behind  the  angle  of  the  lower  jaw,  pteo^ing  hack  ihe  Mcmo-cleulo  miitclef, 
aoil  ihe  other  ut)  the  bock  uf  ihe  neck,  a  little  to  one  tide  uf  the  hixth  cervical  verie* 
bra.  Iiutcivi,  now,  of  trealing  by  mcftni  of  an  c\-en  coiLtuiuous  current,  «rc  brought 
into  thfi  circuit  a  simple  uatcr  rhc»stut,  and  by  this  means,  somewhat  rapidly  hue 
wilhoul  khock,  increaKil  anil  decreiued  the  Urength  of  the  current  through  a  acunce 
of  not  mure  than  two  or  cbrcc  minutes'  duraliou.  The  tciultt  of  ihii  method  of 
IreatmenI  were  toon  manife>(ed  la  a  fuillier  rcdutlion  nf  Ihc  pu lie,  and  a  gradual 
dinunniion  in  the  severity  of  the  other  tympioms  until  «fier  some  twenty-five  of 
lh«ie  applications,  recovery  teemed  complete.  The  puUc  wu  75 ;  the  eyes  resumed 
their  naltiral  position  and  appearance,  whtlc  the  neck — although  sotncwlmc  fuller  than 
normal — oicatiucd  but  tliiilecn  and  three  i^uoitcr  inches,  a  dccreaM  of  Iwo  and  ft 
half  inchci. 

While  it  is  quite  evident  that  in  this  (1i«ea.se  the  sympathetic  ig  at 
fault,  it  is  open  to  question  whether  the  ililataiion  o(  vessels,  which  are 
such  important  factors  in  causing  the  thyroid  entargemcnt  and  exoph- 
thalimis,  is  of  a  passive  nature,  due  lo  paralysis  of  the  sympathetic,  or 
of  an  active  nature,  due,  on  the  contrary,  to  ati  iirilation  of  the  dilator 
fihres  which  run  in  the  sympathetic*  Accepting  cither  theory,  we 
find  ample  groutid  upon  which  lo  base  iiulicatiuns  for  the  u&e  of  the 
galvanic  currenL  hi  case  wc  accept  the  initant  theory,  the  very 
jioweiful  Hcdalive  effects  which  may  be  obtained  from  the  remedy  is  a 
sufficient  expttmation  of  the  raticnalt  of  its  use  ;  wliile  the  fact  that  both 
physiological  investigation  and  clinical  c](]»eriencc  has  shown  that  dec- 
fricit)'  is  Ihe  remedy /ur  exettlfttee  for  most  forms  of  paralysis,  quite 
clearly  points  lo  its  use  in  cases  where  there  is  actual  paresis  of  the  nerve 
itself:  In  addition  to  the  hypencmia  of  vessels  as  a  cause  of  exoph> 
thaliiius,  there  may  be  also  accumulations  of  fat  in  the  cellular  tissues 
of  the  orbit,  which  is  probably  the  main  cause  in  certain  cases  why  Ihe 
protrusion  of  the  eyes  still  remain  prominent  after  a  decided  ameliora- 
tion of  every  other  symptom. 

•The  toggcsiinn  thai  ihe  arteiial  dilatation  t«  due  to  irritation  of  the  diUlOT 
fiiirn  iv  olTeieU  by  Benedict,  b<ucd  upon  tlie  eapainicuii  \ti  Bertiaid,  Schjil,  Ludvig, 
and  Loven. 


CHAPTER  XXXVII. 

SEQUEUR  OF  ACITTB  DISEASES   (oiPUTltERtA — CERfURO -SPINAL   MCKIK- 
UlTIS— 'rYI'llU-MAI.AIUAL  t'EVUK). 


The  sequeUe  of  several  acute  itiflamuiatory  dUea&es,  aitd  especially 
of  diphtheria  and  cerebro-spinal  incningilis,  arc  of  well  known  scvcrily 
and  persistency.  It  is  generally  understood  also  that  electricity  in  some 
form  may  perhai)3  be  indicted  in  such  conditions,  paniculariy  in 
diphtheria,  and  its  use,  which  is  occasionally  atteiiipled,  has  been  fol- 
lowed by  more  or  less  benefit.  We  arc  quite  aiirc,  however,  lliat  ihc 
professioQ  al  large,  in  city  as  welt  as  country,  has  a  very  inadequate 
idea  of  the  vast  benefit  accruing  Troni  the  use  of  this  remedy  in  the^e 
cases.  FrequenL  inquiries  in  regard  to  experience  in  ihis  direction, 
and  the  lack  uf  published  clinical  reports,  would  seem  to  justify  this 
opinion,  and  suj^est  the  propriety  of  detailing  a  few  of  the  more  unique 
and  tnlerc;»tiiig  histories  that  we  have  collected. 

Dipktkcria. — Our  first  cxjwnencc  in  the  tieatment  of  tlie  sequelx 
of  diphtheria  by  electricity  dates  back  some  ten  years,  when  we  were 
called  by  IJr.  Janics  Anderson  to  see  an  obstinate  case  of  paralysis  of 
the  vocal  chords  and  the  laryngeal  muscles. 

The  symptoms  yielded  readily  to  treatment,  and  to  the  present  tJtne 
we  have  treated  twenty-four  cases  of  iliphthcrilic  paralysis,  and  with 
the  exception  of  two,  which  discoiitiiuied  treaunenl  almost  as  soon  as 
begun,  tlic  results  in  each  were  too  striking  to  permit  of  any  doubt  as 
to  the  efticacy  of  the  remedy. 

Of  the  iwcniy-two  remaining  cases,  nmny  of  which  were  of  great 
persistency  and  severity,  nine  were  sent  to  us  at  different  times  through 
the  kinilness  of  Drs.  Markce,  McLean,  Farrington,  and  the  late  Drs. 
Peaslee  and  flregory. 

Of  the  remaining  thirteen,  a  few  had  been  treated  electrically,  but, 
as  a  rule,  with  little  regularity  or  intelligence,  while  sevcril  others  first 
had  their  attention  called  to  electricity  as  a  remedy  for  their  condition 
by  laymen,  and  so  fell  into  our  hands.  One  of  the  most  interesting 
and  instructive  cases  that  we  have  seen  occurred  in  the  person  of  a 
practicing  physician  of  this  city,  who  had  also  been  under  the  obser- 
vation  of  Professor  Looniis,  IJr.  A.  X.  Urockway,  and  several  others 
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The  doctor  has  kindly  written  out  the  details  of  his  own  case,  substan- 
tially as  here  ^ven. 

Cardimt  diffieuJty,  with  partial  farafytii  0/  tkrtf  mpnikf  standing,  /otlitating  difk- 
iheria, — Rapid  reiovery  uHdtr  gtntrat  faradisation, 

CaseCLXXXII.  — Tliiee  wecki  artet  llic  ilUAppearance  of  ibe  dipbtheiitic  jMictict, 
panlyiU  of  the  pluryngcal  iwil  laiyngcai  lauicki  bcfui  10  show  \\^\i,  Accom[>«Bied 
by  ftbsolntc  lost  of  tauibiliiy  of  \\\c  vdiun  pendulum  p^Iaii.  In  codm^uuicc,  the 
sffort  of  swallowing  waa  exceedingly  dificult,  anJ  regur;gitalion  thtO(i{-h  tlie  nuc* 
wu  UDarai(UI>le  in  the  ad  of  drinking.  Ttic  voice  wiu  altered,  becoming  weak  and 
COirtcr  in  tone.     Miuical  nolo  were  itnpouiblc. 

At  the  nine  time,  and,  indeed,  from  the  tenili  day  of  ihe  acute  attack,  cardiac 
difficulty,  wa«  indicated  by  ■  vcrjt  fireble,  w>fl,slaw  jnilv,  avcta^ag  »«iyperiutnule. 

On  one  occatron,  (hice  Mcckt  after  the  wrcneM  of  Ihe  thruAt  had  entirely  diup< 
pcared,  and  iininediately  folkiwing  special  cxcilton,  the  pulie  4uickly  ro»c  lo  xbo, 
and  u  suddenly  fell  to  32  per  minute,  mulling  in  an  attack  of  angina  [wclorit  wliith 
peniMed  for  nearly  three  hours.  Thb  »uddcn  i1u<:tU3tioii  of  the  inilse  wa»  inuii 
•larmtDg,  and  cau&ed  apprelienUon  of  Immediate  diuolution.  For  orer  an  hour  lli« 
puUe  remained  at  32,  when  ii  gradually  incrcoKd  until  it  reached  j£,  where  It  rc> 
maincd. 

Four  weeks  after  convaletccnce  ftom  the  patches,  ciliary  paraljib  appeared,  w  that 
painful  fatigue  wa»  ex|>erieuccd  in  [eading,  eie.  Viuoil  cotieclcd  by  -f- jS  glattc* 
spherical ;  at  the  tame  lime  the  fingers  became  anuxihclic,  wltb  tingling,  and  iitabil- 
ily  to  pick  up  smalt  nbjecis  or  to  button  clothing,  etc 

The  partial  para1/u«  extended  to  the  arnii.  and  finally  the  legs  were  aimUarljr  af- 
fecled,  bccommg  heavy,  cold,  and  painful  to  the  touch.  Marked  iiuctlon  of  (he 
bowels  coulinued  ihroughout  the  caw;  miciurltion  wai  not  inieirered  «>ith,  but 
there  was  great  numbness  and  iiwreawd  scaubiliiy  of  Ihe  external  o(]jan».  For  ihiec 
mouths  ihev  symptoms  penisted  without  abatement,  and  were  invaxiably  tocrcMcd 
b;  the  sllghleft  cvetcise. 

The  firU  two  ur  tbree  weeks  of  general  bradiution  failed  to  produce  any  narked 
change,  umjily  giving  for  n  few  honrs  a  very  agreeable  senw  of  rest. 

Tliis  was  atlributed  entirely  to  the  fact  thai  the  pativnt  exerted  liimnelf  too  much 
to  rocdve  the  treatment,  as  he  was  coni[)«lled  to  ride  several  mile*  to  our  ollice. 

As  sooD  as  the  appantu  was  transferred  to  hi«  own  house  and  the  trenEiueni  od- 
minbtered  there,  Jmproifement  began  immediately,  and  proercsied  with  gicat  raitid- 
Ity,  so  thai  by  the  sioctcervth  week  of  tbc  te«)uelR:  of  the  disease,  all  paral)-Ms, 
except,  pethap*,  the  cardia<:,  hod  dimppeared.  Virion  became  entirely  normal 
before  Ihe  ananlheaia  and  paralysis  of  the  limba  hail  disappeared.  Piu^jrecnblc 
iwitchiags  of  the  mosclc*  of  the  thorax  and  abdomen  presisted  for  several  months, 
•nd  dight  cardiac  fecblenew  remained  for  tome  fifteen  months.  The  prospect  that 
ihe  patient  could  again  engage  in  labor  vrithin  any  rea-wnable  period  had  been  con- 
■idcfed  cicecdingly  unfaTorable.  A  very  few  week*  of  treatment  by  general  faradl- 
aalion,  rendered  him  eaxily  cqnal  to  the  details  of  an  active  practice. 

Dr.  Dahlerup  describes  a  case  urcanliac  paiulysis  occurring  in  a  lad 
who  was  recoveriog  frDtn  a  dipliUiehtic  attack. 
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The  action  of  the  heart  became  veiy  rapitJ,  but  irregular  and  weak. 
Dyspncea  was  present,  loguiher  with  cyanosis  and  orthopnoea,  but  the 
area  of  cardiac  dulness  was  not  inaeased.*  Some  improvt-ineiil  fol- 
lowed the  administration  of  stimulants  combined  widi  digitalis,  but  at 
the  end  of  a  week  the  (lattent  collai>3ied  and  died.  Although  the  case 
was  said  to  be  one  of  progressive  di|>hthcritic  paralysiis  of  the  heart,  it 
is  not  ditncult  to  believe  that  the  prompt  and  proper  use  of  electricity 
might  possibly  have  saved  life. 

Cerebrospinal  MeningHii. — The  symptoms  that  follow  an  attack  of 
cerebrospinal  meningitis,  differ  very  widely  both  in  character  and 
gravity.  VVc  may  have  first,  incttrable  organic  changes  resulting  on  the 
one  liand  in  total  blindness  and  entire  loss  of  hearing,  and  on  the  other, 
in  a  condition  well  illustrated  by  the  following  case  which  we  saw  for 
Ur.  Roosa  some  years  since. 

PrthaiU  organic  ehangtt  fellffaing  fereira-sfiMat  meningitit.  — A^  henefit. 

Case  CLX.VXItl.— In  1865  (he  palient  waa  attftckeii  by  &cnte  «Tebro.tpliia] 
tneningiliii.  After  cotivAl«Kcncc  he  grfuluftlly  Tcg.iincd  a  fair  dcigree  of  plivucU 
vigor,  bat  wu  left  vrltli  a  permanent  trnpiiriucn  1  of  ccruin  phaten  of  innsrvalian. 
In  converalion  and  in  action  he  wa»  iKifcctly  rational,  and  his  sleep  was  biuILb- 
curbed,  but  dining  hi«  wAkinghourf  there  was  ever  preunt  a  seiu«  of  vacancy ;  "vatt 
and farmiat"  ideas  troubled  him ;  there  wu  to  him  an  UDrcaiity  in  alt  h»  sarround* 
iiigs.  He  desciibcd  a  vibrating  shock  which  would  at  inlervaU  uent  to  pa>a  through 
him,  leaving  an  impreaiion  tlmt  ifcmci]  like  "rteruity." 

The  Icfl  pupil  was  diUied  and  insuKcptible  to  %ht  or  oJlier  Irrilaiioo.  This 
patient  received  t>encfit  fiom  no  form  of  tfeiatment.  Time  has  failed  to  do  anythiag 
for  hitn ;  to-day  he  i;^  much  the  umc  as  lie  wu  fifteen  years  a^u. 

The  pathological  changes  in  cases  such  as  the  above  cannot  of 
course  be  positively  stated,  but  it  is  probable  that  they  arc  aiulogous 
to  what  have  been  observed  in  certain  cases  of  chronic  basilar  menin- 
gitis, viz.,  cicatricial  changes,  together  with  induration  of  the  connective 
tissue. 

Another  train  of  symptoms  following  cerebro-spinal  meningitis,  more 
frequent  and,  fortunately,  far  more  amenable  to  treatment,  has  occa- 
sionally fallen  under  our  observation.  The  symptoms  in  all  were  quite 
unifonn  in  character,  and  we  present  the  following  as  a  t)-pe  of  the 
rest. 

Aggravated  tympioms  frrsictimg  fpr  tn»  atuf  »nt-kalf  ytari  after  an  attitfi  of 
rfrf&rit-tfinal  mmimgitit. — RKowry  under  ffnlrul galvanitalivn. 
Cas«  CLXXXl  v.— Oo  May  ao,  1873,  .Mra  A ,  aged  4a,  was  prostnted  by 

*  Sritiih  Medical  Joumat,  tjcptcinber  37,  1879. 
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oil  attack  of  ccnhro-tpuwl  mcnineilis.  It  mij^l  be  Iniereirins  to  del&U  itsunie 
CQunc,  but  for  our  purpoM  It  will  luHicc  to  »y  that  Iht  caw  was  exccplional  in  lis 
danttion  and  »cverity,  Foi  six.  niontlis  ih«  was  confineil  to  licr  Led,  ^tiffcimg  from 
Almost  cvcrjr  conceivable  symptom  auodatcd  with  ihu  diKau,  She  wx*  at  fir»t 
under  honKcopathic  [reatmcnl,  but  tubtc^uratly  came  under  tlic  care  of  Or.  A.  S. 
IK-aib,  of  ihii  ctly,  wbo  attended  her  up  w  the  time  our  advice  was  tuu^lit,  April 
I'j,  i&'S-  "^^o  yeark  and  a  half  had  dapwd  aincc  the  more  aculc  stage  of  the  di>- 
cuc  h&d  iiiMdcd,  during  which  time  iht  had  uibmitled  to  varioua  forms  of  treat- 
meoE  that  were  apparenil)'  wiM;  and  judiciouv,  without  the  least  improvement,  aod 
until  the  ordinary  mcthotli  teemed  ohauttcd.  She  was  st>1e  tu  be  aliuut  her  hotiae 
and  occmuuDally  went  out,  but  ihc  suflcicd  without  cewalion  from  kcvere  pain, 
which,  bej^inning  in  the  ejm,  wiu  tnoii  pionotinced  over  the  back  of  the  head  anil 
neck,  and  extended  to  the  lower  cervical  vertebne.  The  painful  uiusculai  stlffiieM  of 
the  neck,  from  which  she  had  suRered  so  terribly  during  the  acute  attack  nearly  iliree 
yean  preiriou^ly,  had  never  left  her  and  wsa  a  cunitonl  cause  of  distress.  No  posture 
was  endurnbic  except  when  the  head  was  thrown  back,  while,  during  occasional 
paioxytms  of  more  than  OTjinary  severity,  these  muscular  contraclionit  would  become 
connilsive.  These  tympLoms,  together  with  oUiers,  and  espcciaJIy  with  a  chronic 
irriutioB  of  the  intestinal  tract  from  the  mouth  to  the  anu&,  incapaciuied  lh« 
patient  for  all  enjoyment  and  the  ordinary  dutfci  of  her  station.  Far  ihe  s/mplorai 
more  directly  due  to  the  meningitis,  ««  submitted  tlic  patient  to  ccutia)  galvaniia- 
tion  ;  a\  a  general  Ionic,  and  for  the  relief  of  bei  digestive  didicuUia  due  lu  inlet* 
linal  irriiaiiun  wc  employed  K^iietal  faiaduailon.  Up  to  June  35,  1S75,  a  period 
of  ten  weeks,  (ifty  npiilications  were  administered.  Under  this  treatment  alone  ihe 
patient  ftcadity  improved,  and  when  she  left  the  city  far  the  tummer  monlhK  she  was, 
to  a  freat  extent,  relieved  of  the  most  distrewlng  symptoms.  Upon  her  return 
Ireatnent  wat  mumed  until  complete  recovery.  Wc  say  complete  recovery,  Thb 
■tatement  sliould  perlups  be  modified.  At  this  date  she  feels  an  occasional  aching, 
and  a  sliglit  dniwinf  Knsaiion  at  tlic  back  of  ibe  licad  after  inucli  fatigue,  but  in 
general  she  has  all  along  eo]oyed  a  fair  degree  of  hcaltli. 

In  lhi«  connection  wc  may  be  penniltcd  to  call  attention  to  iKe  fact, 
that  5iir)dcn  blows  and  shocks  may  in  certain  cases  rcMiIt  in  alisiinate 
circulator)'  derangements  of  the  cerebro-spinal  tract,  associated  with 
symptoms  analogous  to  those  following  cerebrospinal  mcninfjitis. 

11ie  above  statetnent  was  very  strikingly  ilht!iE.raied  in  the  person  of 
a  lady  sent  to  us  a  few  years  since  by  Dr.  J.  Ellis  Blake. 

Ca»  CLXXXV. — Some  five  years  before  she  had  fallen  upon  the  taenim— Ibe 
immcdialccflrecls  of  which  were  Mvere  pain,  nausea,  and  sli)ibt  motor  par olysb  of  the 
estremi'ict.  Recovery  seemed  complete  in  a  few  wcckt,  but  Bhortly  afiet,  on  laktn|{ 
a  severe  cold,  the  same  tympioms  retntned.  and  then,  with  the  exception  of  some 
slight  traces,  gradually  diuipj>cared.  Two  years  before  vrc  saw  her  she  fcU  again, 
(ttiking  on  the  hip  with  uwii  force  as  to  cauvc  an  ai^gravatton  of  oil  the  symptoms 
before  cx)>ertenccd,  together  wiib  a  peculiar  perrersinn  of  viiion.  All  ifari:  objecls 
appeared  rrJ,  and  it  was  some  time  before  sight  became  natural  in  this  respect.  For 
a  liase  she  suffered  bow  eaceutve  hypeneitbesia,  which,  on  subsiding,  was  followed 
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b^'  cephalalgia.  The  pain  wa»  upccially  locaJiicd  over  the  masloKl  proceuM,  bock  of 
the  head  and  neck,  wilh  rTc(]ueDi  exEcnsion  along  itie  entire  length  oT  ibe  tpiiiol  eonl. 

The  ptuieni  coiried  lier  IickI  at  all  tinics  illgliily  tlirowR  bock,  ood  iti  altempiins 
to  throw  it  forwaid  complained,  a>  du  paticatt  suffering  fioni  the  acquelie  of  cerebro- 
spinal menin£ili& 

She  tuRcrcd  mnch  firom  inioinnla,  and  wai  capable  of  bal  little  exertioa  Ktom 
Jonc  II  to  August  I,  1877,  tbc  pnticiil  wa&  lubjcclcd  to  central  galvoniratioa,  te- 
cnviiig  in  thix  lime  thirty  •(even  applicatioiu,  whidi  to  a  great  dc^rci;  ili!>u)>ateJ  Ibe 
more  prominent  sytaptoms  from  wlticb  ehc  had  mflercH  (or  ytm.  Iti  ilw  KjiHttg  of 
1879  the  ccmpUincd  of  marked  evidem.'es  of  a  return  of  the  old  syiupioiai.  Tbe 
umc  method  of  treatment  vroi  cmplojred  as  before,  resulting,  in  len  than  three 
weekt,  in  complete  relief. 

Typha  Malarial  Fever. — When  we  come  lo  consider  ibe  sequelx  of 
either  lyplioid  or  pialarial  level*,  we  shall  iioi,  as  a  rtile,  tind  the  saitic 
gravity  or  diversity  of  symptoms  that  often  confront  us  aubsieqiienc  lo 
the  acme  stages  of  diiiluheria  and  ccrcbro-s|tinal  nieningitis. 

Convalescence  is,  however,  occasionAlly  very  tedious,  and  we  have 
recorded  not  a  few  such  cases  where  the  tonic  effects  of  geneiral  ^ara^j 
dizalinn,  in  hastening  returning  strength,  were  most  distinctly  marked. 
The  syiii[noiiis  tliat  followed  the  subsidence  of  the  fever,  in  the  case' 
here  given,  were  not  only  serious  and  obstinate  in  character,  but  so 
entirely  unique,  that  they  seem  to  u&  to  be  well  worthy  of  record. 


Cask  Cl.XXXVI. — Mr.  S ,  aged  33,  wa«  taken  ill  in  June,  1S79,  Iry  an  acute 

attack  of  dysentery,  followed  by  typ ho- malarial  fever.  In  \\x  wecki  tfac  fever  {Muvd 
away,  teavinc  ihe  paiieitt  quite  lielplew.  With  returning  strength  bo  was  able  to 
leave  his  bed  and  gu  into  the  country,  in  the  hope  that  there  the  caavaleseeDee  wotild 
lie  marc  rapid.  He  gained  very  little  in  pi^wer  over  tbc  movements  of  the  liinbs  and| 
body,  and  when  «vc  saw  him  (he  fullowiiiu  Scptemlicr,  Ihrou^b  the  kindnc«&  of  hi» 
phyiician^  Dr.  J.  O.  Katrington,  of  Hatlcm,  the  phenomena  preaent  were  both 
rniiquc  and  grave. 

It  inay,  perhaps  convey  a  fatr  ides,  of  the  general  appearance,  to  tay  that  tbe 
whole  body  was  thoroughly  btiOT.  The  legs  from  the  hips  down,  could  be  mo%-vd  only 
with  ditlicully.  Tbe  arms  could  be  raided  frum  tbe  sides  but  a  little  *ray.  The  head 
and  neck  were  almost  moiionlcvi  upon  ibe  shoulders.  The  right  shoulder  could  he 
moved  slightly  up  and  down  \  the  left  not  at  all.  Deglutition  was  w  much  impaired 
that  solid  food  could  not  be  taken  with  comfort  or  nfety. 

There  was  much  wn&tlng  of  the  muFculat  tissue,  but  this  was  moKt  apparent  in  ilie 
right  thigh,  which  hod  decrcoivd  several  iuches  In  drcttinference,  and  in  ihe  posterior 
piinion  of  the  neck  on  cither  udc,  where  the  tta|>cxiui  tnusclo  immediately  below 
their  occipital  oiigin  bad  atrophied  la  an  alarming  extent.  It  was  found,  on  subtnil- 
ling  the  |ifltieni  to  an  clectricAt  etaminatinn,  that  the  fa rado-mu ocular  conlractttiiy 
of  cTcry  luivrficiat  muscle,  with  the  exteption  of  the  alKlriminal,  wn«  very  greatly 
iininiied.  The  right  trapezius  contracted  slightly  t<i  a  [mwerful  cu*>eni,  tmt  lb«  le^ 
trapciius  foiled  to  react  to  soy  stimulus.     Tlic  stemo-ckido-iniMiuid  utuwici,  wlucb 
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we  noTm&Ily  so  susceptible,  cantracled  onlj'  under  the  influence  of  k  very  powerful 

current.  There  were  no  scniory  or  other  sympioTn*  present  especUIly  sagge^Itve  of 
serious  centr«l  (!isca*r,  but  a  itrcnj^h  uf  current  ordinarily  unendurable  could  b« 
a|>j>lted  to  tlic  back  of  the  nrck  without  pro<1ucing  any  teit^ilinn  wliaiever,  LomU 
ixect  faruli/Ation  or  galvanization  in  a  cmc  sudi  u  ctii*,  where  almott  E*eiy  muscle 
was  involved,  woulil  have  been  iDniiLl'cilIy  imt>racticaUe. 

The  caw  cnlieU  lot  ui  imprcauon  mure  general  and  powerrul  thnn  can  posidlily  be 
oblalnKl  from  mere  localiuiion  of  cnrrcnli.  Uenera]  (Aradj/jiiun  w.it  thcicrorc 
aiteinpied,  an<i  wiili  ruultstliat  confirm  the  abundant  tc^tmony  thai  &  as  already  been 
given  of  its  rcmnrkablc  ctfK-acy. 

Thi:  affcxied  niuKln  develupcd  with  astonithini;  rapidity.  Dtgfotilion  improved 
immediately,  and  Koon  became  natural.  After  a  few  appliottioos,  returninc  seiiii- 
bitiL)'  and  eoniraetitity  to  ilie  influence  of  tlie  current  became  inBaifc»t.  Improve- 
mcnl  rapidly  wetit  on  until  all  atrophy  having  dtMtipeued,  and  ilie  licid,  nctk,  and 
limbs  l>ci:omin|[  i]uiLe  ilexiblc,  the  patient  was  able  to  reiume  an  active  and  lobonoui 
mercantile  position. 

Allhough  ihe  differential  indications  for  the  use  of  the  two  airrcnts 
in  the  seciueln:  of  the  diseases  under  consideration  have  been  niade 
more  or  less  apparent  in  the  preceding  ilUislralivc  eases,  it  may  be  well 
lo  concisely  rorniulale  them  as  folloivs  ; 

isi.  For  the  relief  of  the  various  parat)'tic  symptoms  that  follow 
diphtheria,  whether  cardiac  or  of  the  voluntary  muscles,  the  faradic  cur- 
rent is  almost  always,  if  not  invariably  indicated. 

ad.  The  galvanic  current  here  is  not  only  less  effective  than  the 
faradic,  bnt  is  frequently  useless,  and  occasionally  hannfiit. 

_;d.  While  localized  faradization  may  prove  sufficient  in  cases  where 
the  sj'mptoms  are  mild  and  restricted  in  extent,  general  faratlizalion 
should  be  used  where  the  paralysis  is  mure  general  and  cunstiliitional 
symptoms  are  manifest. 

4ih.  In  the  treaCinent  of  the  sequels  of  cerebro-spinal  meningitis 
the  galvanic  current,  and  generally  by  the  method  of  central  galvaiiira- 
lion,  is  indicated. 

5lh.  For  these  and  analogous  symptoms  relating  to  the  central  ncrr- 
ous  system,  the  /ruf  constant  current,  or,  in  niher  word-s,  of  so-c.illed 
low  tension  and  increased  quantity,  arc  preferable  to  the  ordinary  con- 
tinuous current  of  higher  tension. 

StfutJte  0/  Sunstroke. — During  seasons  of  protracted  and  excesave 
heat,  sucli  as  have  been  notably  experienced  during  the  past  few  sum- 
mers, a  very  large  number  of  persons,  especially  in  our  cities,  are  more 
or  less  injured,  cither  by  the  gener.il  depressing  influence  of  the  con* 
tinned  liigh  Icnipcralure,  or  by  some  s{>ccial  cx)POsiire,  without  being,  in 
the  ordinary  sense  of  the  word,  sunstruik.  Those  whose  nervous  system 
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has  been  exhausted  or  disonlered  by  the  excessive  use  of  stimulants 
and  narcotics,  by  debilitating  diseases,  and  especially  by  overlabor  uf 
excitement  of  the  brain,  are  most  liable  to  be  thus  affected. 

Injuries  thus  iirodiiced  ni.iy  be  maiufesleil  liy  every  variety  uf  net 
vous  disorder — spinal  irritation,  insomnia,  neurasthenia,  neuralgia,  epi- 
k-psy,  nervous  dyspepsia,  hysteria,  paralysis,  and,  not  unlikely,  positive 
insanity. 

The  majority  of  such  cases  never  know  the  exciting  cause  of  iheir 
symploius  until,  perhaps,  it  is  indicated  to  llicriu  by  the  physician  whu 
inquires  into  thcni.  In  a  number  of  cases  that  have  been  under  our 
care  for  tlie  above  symptoms  the  solar  heat  was  a  prominent  if  not  a 
principal  cause. 

The  symptoms  may  appear  and  reappear  for  luoaihs  aiid  years  after 
the  original  attack.  There  is  little  doubt  that  there  arc  through  society 
thousands  of  sucli  cases  of  various  grades,  many  of  whom  have  never 
suspected  the  nature  of  their  malady.  The  solar  origin  of  the  synip* 
toms  which  we  liavc  mentioned  may  be  suspected  not  only  when,  as  is 
very  frequently  the  case,  tiiey  can  be  traced  to  some  definhe  exposure, 
but  aUo  when  they  are  observed  to  be  peculiar  to  the  Numnier,  remit- 
ting wholly  or  partially  in  winter,  or  to  be  especially  aggravated  by 
exposure  to  the  sun,  and  to  be  experienced  only  during  the  daytime. 

Our  best  results  with  electricity  have  been  obtained  in  these  cases 
by  a  combination  of  the  two  methods  of  clcctrii^ntion,  general  faiattiza^i 
tion  and  central  galvanization,  varied  in  sotiie  cases  by  galvanization 
of  the  pneuniogaslric  and  cervical  sym^iaihetic.  Excepting  those  cases 
which,  by  some  peculiarity  of  temperament,  or  as  a  peculiar  result  of 
the  disease,  cannot  bear  electricity,  iJie  electrical  treatment  works  ad- 
mirably, whether  used  alone  or  in  connection  with  internal  medication. 
Arsenic  we  give  in  the  form  of  granules,  -^  o(  »  f»rain  carJi,  before 
meals.  We  use  also  stinc  in  the  form  of  oxide  or  phosphide,  and  fat 
in  the  form  of  cod-liver  oil  emulMon. 


Partiat  paratynt—Phyiital  and  mtntat  drfrtuifii — T)u  ttftuia  of  tumitrokt— 
Hafiii  rMsttry  HnJer  gtneral /araditatiem  atid  ttHtrat  gaivanitafiJM, 

Casx  CLXXXVII.— Mr.  W.,  »Kod  55,  consulted  ui  In  the  auttimn  oT  187a.  Tli«. 
ptient  was  connected  with  one  uf  ttie  promineat  firmi  for  ihc  maniir»:turtng  orufcsi 
in  this  cicy ;  snd  wlitLe  in  gi  weslem  cit^,  encIcivorin(f  lo  negotiate  cert»n  sales,  be 
wu  nddeniy  overtAken  with  foinincss,  profound  vertigo,  and  alm'Ost  complete  iu>con> 
tciODueu,    Thu  ACIftck  occurreij  on  an  o|)pressive  July  day,  lome  four  montht  P*^^! 
to  bis  riiit  to  us,  and  ever  since  he  liad  been  in  wa  exceedingly  ncivous,  excilmblc  coo*i 
diiion.     Any  conHdcinble  exerciiA  in  wnllting  was  invatigbly  followed  by  OBtistnl 
fatigue,  and  he  was  not  only  incapacitated  Irom  ciigai:in5  In  any  bitsinesi  enterprise, 
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but  in  Bltempt  Ic  nad  cv«n  ihe  morning  paper  rcmtted  in  mental  disquietude  and 
real  exit.iuuiun.  Thcie  wu  &  decided  Ion  of  \wvret  In  both  lower  cxiruinitte^  imo- 
c  in  ted  with  *  contiidcrable  degree  of  lui.'esihetla.  Wc  submiiicd  him,  on  several 
different  occasions,  and  at  intervals  oC  a  day,  lo  general  farailiuttiuH,  with  the  effect 
of  im|irDving  greatly  hit  motor  power  and  uf  di»ipatin{{  nil  niiinl>ne^».  After  n  tim« 
ccniTal  gaivaniuiion  was  nliernalcd  with  Ihe  above  treatmeitt,  aiid  iri  ttiecourteof 
fix  wecka  Che  pat  tent  Iiad  m>  far  Improved  iu  liU  olbcr  symptoms  as  to  be  fully  able  lo 
H^aio  engine  actively  iabuaiiicifc 

In  Ihe  following  case  the  peculiar  susceptibility  to  slitnuli  caused  by  ' 
sunstroke  was  strikingly  illustrated: 

CaskCLXXXVIII.— Mr.  W.,  ■  gcntlemim  ii1>oa(  35  yean  of  age.  wiu  referred 

to  OM,  October  16,  1S72,  by  Dr.  A.  £.  Bull.  While  oaccndini^  a  tnouiiiam  durini;  his 
suminet  vaoition,  Itc  wa<  overcome  bj  ihr  cice»ivc  licat.  lie  wa«  not  uncotiKioua, 
and  after  a  short  rest  he  resumed  his  walk.     The  thcnnomctcr  al  the  tinie  wai  about 

The  attacle  left  him  with  a  feeling  of  setidtlvenew  In  the  head,  whicli.  Instead  of 
diminishing,  had  increased  until  the  Itroe  that  lie  called  upon  us.  During  Kvcral 
weeks,  at  inlervals  of  a  few  days,  he  had  several  attacks  of  loss  of  motor  power. 

A  prominent  feature  of  his  case  was  his  exccvding  lutcepcibllily  to  stimuli.  A  tea* 
spoonful  of  wiiie  or  a  whilTof  a  ci^r  caused  him  to  feel  wretchedly, 

Wc  found  him  on  trial  similarly  sensitive  to  electricity.  Mild  faraditation  or  gal* 
vaniiaiion  caused  a  heightening  of  the  evil  symptom^  and  the  electrical  treatment 
was  abandoned.  Subseaiucntly  the  patient  was  rapjdiy  benefited  by  a  short  trip  to 
the  seaside.  Tilt  fiiat  ircatli  of  the  ocean  air  aecmcd  to  act  oa  him  with  the  force 
Df  «»pedfi& 
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/lUertnittent  Fever. — According  to  Tripicr*  ihc  electric  bath  and 
statical  electricity  have  been  used  in  certain  cases  of  inlcnniitcni  fever, 
both  in  Knglinii  ami  Sweden,  and  occasionally  with  satisfecwry  results. 
Tht:  clficacy  of  the  preparation  of  quinine  in  malarial  disease  has, 
however,  destroyed  most  of  the  interest  that  might  otherwise  liave  at- 
tached lo  clfctriciiy  in  its  therapeutic  relation  to  fevers. 

In  certain  chronic  conditions  of  intcmiitteiu  fever,  where  quinine 
and  other  internal  medication  have  [iroved  unavailing  as  a  means  of 
permanent  relief,  we  liave  seen  uudoubled  bcuetit  arise  from  general 
faradization.  It  undoubiedly  acts  in  :his  case  like  any  other  stimulaN 
mg  tonic  without  any  special  influence  on  the  malarial  poison. 

InttrmitttHt Jfver — Ttmporary  rtliif  frtm  quinint—Reeovtry  undtr  gtntnl fara- 

JttatiiiH. 

CASsCLTCXXVIHa.— Rev.  Mr.  L.  applied  lo  n*  for  trealmcnl  in  October.  iS6j, 
Hii  general  appcaran«  presented  all  ihc  marked  characteristic i  of  nulaiinl  inftuenee, 
while  he  complaincfl  o(  aintiiute  con«tipa(ion,  Inu  of  appetite,  att<l  ■  con^irlerahle 
decree  of  insomnia.  One  j'car  prcriously  he  wak  prvUratcd  by  ui  altacV  of  cbill) 
and  fever,  hul  vjgii  reorcreil  his  v.w!t\  lieulih  undet  the  inHiienec  of  <|uiiiine.  In  the 
foUuwiiij:  July  he  snfTeTci  anuthct  and  mure  Mrere  atrnck  of  the  lertian,  which  soon 
changed  imn  the  i|iiotlrliftn  type  of  ilie  divtaw.  During  the  firsl  len  day*  of  his  fli- 
neuhe  look  loogr^  of  quinine,  hut  with  little  .np|Kirenl  hencfit.  Still  further  trcat- 
nent  by  quinine  intcrrupCcd  the  severity  and  regularity  of  lh«  pororpnis,  tint  by  tm 
me»nt  cffecictl  a  aire.  For  some  lime  before  he  fell  uncler  our  obser»aiioii  <Oc(.  14, 
1867),  lie  suffered  every  few  days  rrom  what  is  commonly  termed  *'  dumb  apie."  We 
immcliately  retortetl  to  the  mosl  thorough  form  of  trealiaenl  by  general  electriialion 
with  the  faradic  current.  lie  wii*  rcntarkahly  sutccplible  to  it«  influence,  and  over 
the  region  of  the  sloinach  and  liver  opedally  only  a  very  alight  CBrrent  could  be 
borne. 

This  Irealment  ims  repealed  every  other  day  for  two  wnks.  Hia  bo»H«  aoon 
became  regiiliir,  his  appetite  Improved,  and  after  the  third  application  the  attack 
ceased  allugctlier.  For  xveral  tnonthe,  at  least,  after  the  cessation  of  trealiiienl  he 
continn<nl  free  from  any  in'lica'.ions  of  returning  symptoms.  Subsequently  be  puasei 
from  imder  our  ohwrmiipn, 

*  Manuel  d'Oectrolh^rapicr  etc.,  1861,  p.  jSi. 
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A  second  and  third  case,  in  which  the  syniiKoms  were  less  severe, 
but  fully  as  persistent,  yielded  promptly  and  completely  to  ihe  same 
method  of  treatment 


Inlermitftnt  /etur  atsteiattii  vitk  anajthetia,  iitiemma,  and  great  dtbility — Ap' 
praximaU  rfetntery  im  /uu  rettlu  by  gtntral JaraditaiMm. 

Cask  CLXXXVIIIA.—Min  C  S.,  Bg«d  33,  wu  pWed  under  out  car«  by  Dr. 
Ceo.  SidncTC,  of  lladeni. 

Tbe  pftLieut  liad  all  ber  life  been  Mmewhnt  feeble  in  ticitlih,  but  at  ibis  time,  and 
for  ■  monib  previutuly,  klic  IwJ  niffcrcd  frotn  a  very  decided  imjuairment  in  hci  gen- 
cnl  condition. 

Every  %fLeraaon  at  4  o'cloclt  «he  experienced  a  very  decided  sense  of  chilliness,  fol- 
lowed b)f  a  fever  which  bitted  until  %  o'clock  the  following  tnornine.  The  hands 
were  at  nil  houn  exceed! iijjljr  tiemulous,  and  at  night  eipccialtr  her  ^n^s  became 
quite  anxsthctic  Her  slrengtli  WiU  jto  far  exhauUcd  Ihai  she  cDuld  walk  bnl  a  few 
blodu  witboDt  great  fatigue.  NotwilliUaniline  Ihoe  unfavorable  symptoms  her 
bowels  coiiliuucd  regular  xa\  licr  appetite  |>uod. 

Stic  kullcred  mncb,  however,  riom  mT^'«n"ty,  and  wi»  rarely  able  (O  sleep  before  J 
A.M. 

A  vini^e  general  application  of  ilic  fnradic  ctirrent  resulted  in  marked  relief  of  Uw 
conilttion  of  (reniMing  and  nuoilincu.  Iter  klccp  rapidly  improved  :  the  periodical 
drill  and  fever  becnme  len  and  len  marked,  and  soon  diMppc&red  ;  l)cr  strength  do 
cidedty  incTCSKd,  and  seven  applications  given  during  two  weeks  rcsullc<l  in  an  ap- 
proximate recovery. 


Disease  of  the  Suprarenal  Capsules  (Addison's  DUease).—0\\x 
knowledge  of  the  (lathology  of  Addison's  Disease  is  very  incomplete. 
In  a  large  proportion  of  cases  the  bronzing  of  the  skin  and  Ihe  pecu- 
liar cachectic  condition  of  the  affection  are  preceded  by  organic  lesion 
of  the  supra-renal  capsules, 

Cases  arc  not  wanting,  however,  in  which  postmortem  cxammations 
have  revealed  no  anatomical  lesion  of  die  capsules,  nvtwiihstanding 
the  previous  existence  of  ihc  most  marked  and  severe  characlcristici 
of  Addison's  disease. 

Dr.  Wilkes  stales,  "  That  after  some  years'  attention  to  the  stibject, 
I  repeat,  with  much  conlidcnce,  Ihat  the  disease  of  the  capsules  in 
Morbus  Addisonii  is  uniform  and  peculiar.  In  all  the  examples  which 
we  have  now  in  our  museum,  amounting  to  thirt)'-threc,  the  disease  is 
of  the  same  nature  in  all."  f 

Of  one  hundred  and  ninety-six  cases  reported  by  Dr.  Grecnhovr,  the 

•  Guy's  Hotpital  Reports.  Vol.  «.,  1865.  Quoted  from  Altk«n*«  Practice  of 
MediciM.    VoL  it.,  p.  113. 
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supra  nnal  capsules  were  found  to  have  undergoDe  the  characteristic 
morbid  change  in  one  hundred  and  twenty-seven.* 

In  consideration,  therefore,  of  these  facts,  it  is  extremely  probable 
that  cercaJn  organic  changes  in  the  capsule  of  the  kidney,  and  the  pecn- 
liar  symptoms  of  the  disease  under  consideration,  are  directly  related  lo 
each  other  as  cause  and  effect.  If  tlie  affection  be  recagniied  before 
the  brunzing  oftlie  skin  has  taken  place,  it  may  possibly  be  arrested. 

Unfortunately,  however,  it  is,  as  a  rule,  impossible  to  diagnose  the 
disease  before  the  discoloration  of  the  skin  commences,  when  it  is 
generally  acknowledged  to  be  incurable. 

In  regard  to  this  bronzed  iliscotoration  of  the  skin,  microscopical 
exaininiilions  by  Dalton  and  others,  have  demonstrated  that  it  is  due 
to  pigmentary  granules  in  the  rcte  mucosum,  similar  to  those  ID  the 
skin  of  the  negro.  * 

We  give  the  following  details  of  the  remarkable  cffectB  of  electricity 
in  a  case  of  Addison's  disease  exactly  as  they  appeared  in  the  first 
e<lition  of  this  work.  After  the  patient  had  approximately  recovered 
his  strength,  he  was  presented  before  the  New  York  Medical  and 
Library  .Association,  by  Dr.  Rockwell,  as  an  illiislration,  not  as  a  curtt 
of  a  case  of  disease  of  the  supra-renal  capsules,  but  as  one  of  the:  very 
best  illustrations  of  the  extraordinary  tonic  ponrers  of  general  faradization. 

Most  of  those  present  acknowledged  the  amelioration  of  the  man's 
symptoms  to  be  the  result  of  the  treatment,  but  doubted  whetlier  there 
was  or  had  been  disease  of  the  capsules.  For  two  years  afterwards  the 
patient  lived  and  enjoyed  during  the  time  all  the  vigor  that  had  resulted 
from  the  use  of  electricity.  Suddenly,  and  without  apparent  cause,  his 
strength  failed  him,  and  within  twenty-four  hours  he  died.  A  post- 
mortem was  obtained  which  substantiated  the  original  diagnosiit.  The 
ca]>SEile  of  one  kidney  had  entirely  disappeared,  leaving  in  its  stead 
some  calcoieous  remains.  The  other  capsule  was  situated  on  the  in- 
ternal border  of  the  kidney  a  little  below  its  normal  seat,  and  was  com- 
posed of  a  chccsy-like  substance — characteristic  of  the  disease. 

The  specimen  was  presented  by  Dr.  Rockwell  before  the  members 
of  the  New  York  Pathological  Society. 

Diseaie  «/  the  tufra-renat  cafintUr — I>ark  skin — Defitieni  tferftioitt — Paraiysu  if 

tAt  ie/t  arm — Loss  of  uxual p&soer —  Vaygrtal  int^rfvtm  mt  uu4<r  geiural/ar- 

ailitalidn — Slight /urtfur  improvement  un4er  goH-amtaiMtt  9/  the  lymfathetit. 

Case  CLXXXIX.— The  pilicnt,  a  mm  aged  45,  was  rcfcncd  to  as  by  Dr.  II. 

H.  Gregory,  of  HnrLem.  Ami  the  dia^OMH  of  clUcaK  of  the  lupra-renal  capbi1«s  «k 

coafinned  by  Prof.  Auslin  Flint. 

'Clfmer  in  Aitken's  Practice  of  Medicine     Vol  il,  p.  iia 
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L'fltU  November.  1867,  (be  pulent  enioTod  pcrlcci  healtli. 

Ahoul  ihi«  time  he  began  10  obiervc  sliehc  symploms  of  exhaustion,  Soon  Ui 
•f  petite  failed  tiiin.  lie  became  Aiucmic,  and  nileted  froni  cxcceuvc  fati^ic after  the 
Ji|[hlol  ejiCTlion. 

He  wai  cimfined  lu  hii  lieil  during  the  month  of  January,  when  lie  fiM  observed 
tome  slight  diKol<.ii>lio[i  of  liim  face  and  hsnili. 

Dtinns  liic  succeeding  months,  until  Augutt,  186S,  hit  general  health  m-med  tc 
impruve  Mmewhac,  M  thxi  he  wa$crMbI<xl  I o  engage  in  miilente  labor-  At  thii 
lime  he  wdilenlj'  relapsed  into  a  state  of  utCer  eahantiion.  HU  skin  became  Mvera} 
shadct  darker,  and  bis  general  appearance  was  ihat  of  an  ordinary  mulatto. 

His  bowela  became  distreninely  constipated.  Sleep  wu  ^tful  and  unrelroliing 
His  mouth  and  throat  were  exociHiveljr  dry  and  parched ;  indeed,  the  function  of  the 
Kcrelory  organs  generntly  was  markedly  impaired. 

The  «kin  wa«  xhnvcHed  xnd  dry.  The  fingcr-naili  were  britlle,  breaking  on  the  ap- 
plication <*f  a  very  slight  force.  The  left  arm  wa*  siiff  and  almost  pownlew.  It 
could  not  be  bene  beyond  a  rij>hi  ansle,  nor  lifted  more  than  a  few  inchet  from  the 
■ide.     Lastly,  the  xxasl  power  and  desire  were  cniirely  lost. 

All  of  these  symptoms  persisted,  with  but  slight  variation,  notwith&landing  an  on- 
bilerrupted  tonic  treatment,  until  June,  1.S69,  when  the  cose  fell  under  our  obtcrva- 
tion.  Ai  the  mo«t  prominent  and  distrcwing  siymptoro  of  which  the  pailent  com. 
plained  was  the  exetvi*t  debility  that  imAlteil  him  for  the  slightest  exertion,  llic 
results  of  trcalmenl  by  (jcricral  clectritation  illustrate  more  foiciWy  than  in  mo»t  other 
inttancei  it«  remarkable  oon^tiluliunal  tonic  power.  A  general  application  of  th* 
hradic  current  revealed  not  only  a  profniind  aRiei.tIieiii:  ccindilion  of  the  whole  body, 
but  alio  an  untiwal  general  impairment  of  the  elect ro-ra oscular  coatractllity.  By 
placini;  ttte  nu|[ative  electrode  at  ihe  pit  of  the  slomadi,  and  the  poiitive  on  (he 
neck,  a  little  above  the  serenth  cervical  vcnelira,  duirarioc  nanaea  vat  invariably 
produced. 

The  patient  be^gan  to  amend  from  the  6r«t  day  of  Ireaiment,  and,  after  having  re- 
ceived thirty  general  applications  of  the  faradic  currcnl,  hit  condition  at  that  dale 
may  be  thus  summed  up: 

Itt.  He  had  long  been  completely  cured  of  Ms  constipation. 

3d.   Sleep  was  perfectly  souiul  anil  refresliiiig. 

3d.  TI1C  dry  and  parched  condition  of  his  moalb  and  throat  was  entirely  relieved, 
and  all  the  secretioaa  of  the  body  had  mcreaoed  in  (jiiantity  and  qnality. 

4lh.   His  finger-nail*  were  rentored  Co  their  nsual  elasticity. 

Jib.  He  had  approjimaiely  recovered  the  use  of  lii»  arm.  Thb  improvement  was 
mjiiire^t  after  tlic  third  application. 

6lh.  The  mital  organi  had  been  very  decidedly  sirenelhened. 

7ih.  Above  all,  his  strength  and  pow*r  of  erLcKirance  bad  progressed  «1tb  tbe 
above  changes.  At  first  he  was  barely  able  to  crawl  a  stngte  block ;  he  eouUl  attef- 
words  walk  a  couple  of  miles  without  siilTering  unpleasant  fatigue,  and  could  retdily 
■ngage  in  any  light  tabor. 

Sth.  In  regard  to  the  broniiiig  of  Ihe  akin,  Ihe  change  was  itot,  as  yet,  very  marlced. 
The  diseoluratlon  seemed  to  be  a  shade  lighter,  and  bod  imHibly  r«cc4ad  on  tba 
Miies  of  l)ie  hngers  and  hands. 

Wc  have  refcned  to  the  nauseit  excited  by  the  electric  current.     Ir 
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viipr  of  cei'lain  theories  ihal  have  been  advanced  concerning  AJdison'i 
disease,  this  fact  is  nf  considerable  interest. 

The  ftemi-luRar  gangHon  and  solar  plexus,  and  also  the  pneumo- 
(pstric  and  phrenic  nerves,  supply  nervous  filaments  to  the  capsules. 

In  consideration  of  this  fact,  Dr.  Halicrshon  and  others  are  of  the 
"opinion  that  the  more  (My  the  disease  is  known  the  more  completely 
will  it  be  traced  to  the  sympathetic  nerve."  The  unusual  action  of  even 
a  mild  current  on  that  nerve,  in  producing  nausea,  tends  to  strengthen 
this  conclusion. 

This  annoying  symptom  rapidly  became  less  marked  as  the  patient 
gained  strength  under  the  influence  of  etcctmation,  and  a  most  power- 
fiit  current  could  soon  be  applied  without  causing  inconvenience. 

'I'Ue  patient  was  subsequently  created  by  galvanization  of  the  sympa- 
thetic, with  some  further,  though  not  marked,  improvement. 

Very  little  scientific  attention  has  been  given  to  the  clectro-thcra 
pcutics  of  diseases  of  the  kidneys,  although  the  organs  arc  sufficiently 
accessible  to  electrization.  Most  of  the  recognized  chronic  diseases  d 
the  kidneys  are  of  so  grave  a  character  that  they  have  offered  but  little 
encotiragcmcnt  for  electrical  experimentation. 

It  is  impossible  to  pass  an  electric  current  through  the  body  in  the 
region  of  the  kidneys  without  directly  affecting  thc»e  organs,  as  is  clear 
Irom  what  is  known  of  the  condnctibility  of  the  tissues,  and  also  from 
clinical  oh°crvation.  In  many  instances  patients  have  called  our  atten- 
tion to  the  fact  th.it  after  general  faradization  the  secretion  of  urine  was- 
mudi  increased. 


Compiftt  tupfrttiiem  cf  urine /er  rix  iiayt,  fol^miHg  an  attack  9/  graoet — Tkrti 
affliealhiti  of  general  ftiradiiaiioit  U  feii^vud  by  a  cofiout  fiaui,  anKuniing 
in  eigiaetH  hoMrs  te  aver  tiettvi  fuartt. 

Cask  CXC— Mr.  S.,  >ce>(l  iJioul  ya,  and  wdghi^  tome  aSo  Ibb.,  had  rorwverat 
)v«n  uifl«rcc1  more  or  lac  from  graveL  In  iboc  paroxjrenial  aiticka  the  urine  woold 
often  become  completely  nipprcued,  but  by  &  wiimi  bmth  and  mnn  drink  the  fuao- 
WxmaX  activity  of  the  kidney  inT&riably  returned  in  a  abort  lime.  Un  one  occjuion,  haw 
ever,  alter  an  aiiftdc  of  unusual  uvcrity,  theie  orduiuy  remeiJics  completely  Tkiled  to 
rc-eiUbli&h  the  exciedon  or  urine.  Dr.  H.  H,  Gr^ory  wu  immcdiiddy  called,  and,  ta 
conjunction  with  Ur.  \V.  li.  Draper,  \Dinly  cntjcavoml  by  every  rocaoi  at  commaDd 
lo  relieve  llic  wfTriiiig  patient.  At  itic  eiul  uf  the  idxth  day  Uot  abont  thirty  dropiof 
a  thikk  and  bloody  fliiiil  tiu'l  been  |):u->cd,  sai  Dr.  (ireigory  requcMcd  lit  lo  use  eleo> 
ttidly.  Tlie  pniicnt  was  at  thi«  liinr  mcnpletdy  proniTated  amA  yerf  drowiy,  bat  BO 
odor  of  urea  cunkl  be  lietecterl  tn  ihc  breath.  We  decided  to  submit  the  p4tient  to 
general  farndidtion,  nnd  on  Snlurday  evening,  the  tixlli  day  of  the  tappression,  tmtAt 
B  prdiminary  aliempi.  There  wft,t  so  mach  ndipoee  tiwuc  lo  overcome,  and  the  >kia 
of  ibe  patient  wu  10  cxccediit);!/  sensitive,  thai  tt  wu  very  diflicull  to  cArry  out  tbt 


SUPPRESSION  OF  L'RINE— DIABETES. 


641 


proposed  trcalrnent  dTcctukllr.  On  Simdxy  raofnten  «  second  kppIiciclocL,  wltb  an  In- 
CTca<«d  Blrtngth  of  current,  was  Kivcn,  and  again  oa  Sunc)3.y  evcutng  at  loo'dock  ihe 
treatment  wu  eno.j'cd  «  third  time.  Two  houn  subtcqucntly  lh«  r>ailent  f«lt  a  ile- 
ure  10  urinfttc  Mid  succeeded  in  passing  an  ounce.  In  a  few  minutet  the  desire  to 
urinate  rcliuned,  when  aUnost  without  ceaaatian  he  puocd  au  otdimty  M^d  charr)brr 
full,  and  up  to  ux  o'clock  the  Mutie  day  LwcLve  quarts  were  voided.  From  tliit  Liioe 
fiirth  the  kidneyt  continued  active,  and  the  [Mtient  recovered. 

An  instructive  feature  m  this  unitjue  and  interesting  ca$e  lies  in  the 
fact  that,  notwithstanding  a  complete  suppression  for  168  hours,  the 
symptoms  of  uremic  poison  were  by  no  means  so  decided  as  tnight  be 
ex|}ecied.  This  amelioration  can  without  doubt  be  fairl)'  attributed  to  the 
skilful  inanagcinenl  of  tlie  attending  pliyucian,  es^pccially  in  the  matter 
of  hot-air  baths,  by  which  the  excretory  function  of  the  sluD  was  kept  iu 
a  constant  state  of  activity. 

In  relation  to  the  credit  due  to  electricity  for  the  sticcessful  issue  of 
this  desperate  case,  whether  the  sjmptoins  were  self-limited,  or  whether 
the  treatment  by  the  hot-air  baths  and  internal  medication  would  alone 
and  in  good  time  have  brought  about  the  desired  result,  it  Is  Impossible 
positively  to  decide.  On  the  principle  oi pott  hoc  et,  etc.,  it  would  cer- 
tainly seem  as  if  faradi/^tioii  i^hoiild  be  regarded  as  the  important  thera- 
peutic factor  employed,  especially  as  its  ]>ower  to  increase  the  urinary 
secretion,  both  in  the  healthy  and  diseased  condition  of  the  kidney,  is 
clcorlj-  taught  by  experience. 

£h'aMet.~~-1'hc  supposed  relation  of  this  symptom  to  the  disease  of 
the  brain  suggests  the  piopriely  of  treating  it  by  galvanisaiwn  of  th* 
tympiithttu  and  of  Ikt  brain  and  ipiual  cord. 

Dr.  Wtn.  Dickinson,*  who  has  made  p(>at>mortcm  examinations  of 
the  brain  and  spinal  cord  of  five  diabetic  patients,  found  the  following 
peculiar  luotbid  cliongcs,  whidi  were  nearly  similar  in  all : — 

t.  Dilatation  of  the  arteries.     This  was  the  earliest  symptom. 
3.   Degeneration  of  the  ncrvmts  matter. 

3.  Cavities  produced  large  enough  to  be  seen  without  the  micro 
scope,  and  which  contained  products  of  nervous  decay. 

4.  These  contetits  become  absorbed. 

These  changes  were  found  near  the  arteries  and  throughout  the 
spinal  cord  and  cncephalun,  but  especially  in  the  medulla  oblongata 
and  poos  varoULf 

*  Medical  Tintes  and  Guettc,  March  19.  1870, 

t  The  relation  nTiich  ha&bcen  cstatdulicd  by  Calvi 'between  diabetes  andpruritutof 
the  vulva,  which  is  a  ocrrous  affection,  would  Kcm  also  to  ipcak  for  the  aervoui 
iharacter  of  Ihe  former  disease.     (See  Dacnoa't  Nnroscaoftbe  SIdn,  186S,  p.  35.} 
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These  investigations  were  confinned  by  a  most  di«ingttishc<l  author 
ity  in  ncr%'otis  pathology.  Dr.  Lockhart  Clarke. 

Besides  these  pathological  observations,  there  iire  l«-o  general  con- 
stderaiions  whidi  luigiu  be  adduced  in  favor  of  ilie  theory  that  diabetes 
is  essentially  a  nervous  disease. 

In  the  finit  place,  it  afipcars,  in  some  instances  at  least,  to  be  brought 
on  by  excessive  mental  excitement  or  worry.  That  it  may  be  produced 
by  concussion  of  the  brain  is,  wc  believe,  conceded.  Thai  there  is  a 
relation  between  diabetes  and  tlie  base  of  tlie  biain  has  for  some  time 
been  more  than  susiiectcd. 

Secondly,  the  results  of  some  of  the  tlierapeutical  measures  would 
Seem  at  least  to  indicate  that  this  disease  may  be  favorably  infltienced 
through  remedies  that  affect  ihe  nervous  system.  Frof  Austin  Flint  * 
has  recently  [niblished  reports  of  two  or  three  cases  of  diabetes  that 
were  decidedly  benefited  by  bromide  of  potassium. 

Experience  is  the  best  and  only  test  of  the  strength  of  these  facts  and 
considerations.  The  experiment  of  ceiftra!  galvanization — including 
the  brain,  spinal  roid,  :i.nd  .sympathetic — is  Kiirely  worthy  of  a  faithful 
trial,  especially  in  the  early  stages  of  this  affection.  This  treatment 
would  be  none  the  less  indicated  if,  as  some  suppose,  the  pathological 
clianges  found  in  the  brain  and  spinal  cord  of  diabetic  patients  are 
merely  the  result  of  the  disease. 

Expciiincntally  fHradi^ation  of  the  liver  might  also  be  tried. 

Senimolaf  has  found  both  temporary  and  permanent  results  from 
faradization  and  galvanization  of  the  pnciimogastric  In  some  cases 
both  the  quantity  of  urine  and  of  sugar  were  diminished.  It  may  be  re- 
marked that  it  would  be  difficuh  to  galvanize  tlie  pneumogastric  without 
also  affecting  the  sympathetic. 

It  is  yet  too  early  to  offer  positive  opinions  in  regard  to  the  cleclro- 
1her.^pcutics  of  this  disease,  but  the  following  cases  are  suggestive  of 
what  may  possibly  be  accomplished  in  the  future. 


^Mettt  Mellitm  of  traumotU  vrtgin  in  an  ageJ  fatitnl — Raf^d  reUtf  rf  all  tAe 
ijtmftemt,  nnJ  affarmt  nrrett  fif  tkt  Jisevje  wndtr  (tmlral  gah>anhatw* — 
Smittpttni  attaek  e/  Atmi^gia. 

Casb  CXCI. — 3-  D-'  "  fnrmcr,  agwl  76,  was  referred  lo  ui  Juiuarr  30^  187J.  by 
Dr.  J.  H.  KuymURfl.  Tli«  (Mlieiil  ImJ  always  been  Active,  lubonout,  and  well,  until 
iMu  yuirii  previous,  when  he  fell  ten  feet  in  a  baxn,  Uruck  mad  hli  un  Ixu  xUle,  That 
Kime  mglit  came  yaxn.  \a  the  nipple,  u\i  %.  very  profuse  flow  of  urine.  At  one  tiine 
he  paue^  u  high  as  Two  quarts  nnit  three  plnia  A«.i\y.     It  wu  ucerttlned  th&t  tke 

*  Amc'ican  fraclitionet,  Jiin.,  t&ja. 

f  QioieJ  by  Althi.iu,  op.  cJt,  p.  S8a. 
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trine  conlajncd  sugar,  mid  by  medical  wIvim  he  hxl  adopted  CunpUn'i  diet,  uid 
nndcr  Dr.  Rajtciond  had  taken  car honkte  aFaoda  with  adrantage. 

The  tymptoina  at  the  licne  the  patirnt  came  to  ua  were  ks  futlovf^— There  oral 
bcadache,  bad  taste  in  the  mouifi ;  the  urbe  had  a  specific  K">vii;  of  1024,  and  lie 
«M  obliged  to  iiM  in  the  night  to  (tOM  water  t  about  two  qiuirU  were  poaed  daily  j 
(here  was  conriderablc  inusculai  dehiliiy,  to  that  a  iborl  walk  wot  faiisuinS' 

On  the  theory  that  the  disease  was  in  the  Gpinal  cord,  or  at  least  in  tome  ptjrt  of 
the  central  nervous  system,  we  tie^an  to  uwcentral  ^vanixalion,  ynlli  immediate 
rcsulia.  After  the  fintt  application  he  hcgan  to  be  slroitger,  and  after  a  W«elc  if  Wat 
bo  hmger  needful  hi  him  to  rise  at  night  to  pm  water,  Tlie  specific  gravity  of  the 
urine  soon  went  down  to  1019,  at  wluch  point  suj^ar  cimld  iliU  be  delected.  The 
diet  q(  llic  patient,  oud  lib  general  manner  of  life,  were  the  aome  at  before.  Sugar 
wan  never  entirely  eiiiellcd  fnim  the  u.riiip^  but  in  «ircngih  the  patient  to  mud) 
bnprovcd  that  he  could  walk  several  miles  daily.  The  hcadaclics  were  felt  no  more, 
•ltd  the  bod  tAi>tewa&  much  millKftted.  He  returned  to  his  home  uid  to  his  occupation, 
ofldwai  able  to  worlc  more  or  lew  for  sbc  months,  when  he  vros  taken  with  hcmi- 
pLcgiia. 

Dr.  Runker  informs  us  that  he  has  Mmilorly  treated  a  caje  of  diabetes,  and  has  from 
time  to  time  cxamineil  the  utinc  and  ctlimaleil  the  quantity  of  urea.  He  has  con- 
firmed the  experience  above  recorded;  and"bc«dea,  has  shown  what  we  did  not 
attempt,  that  the  quantity  of  uica  diminished  very  morketily  un>l^  the  treatment. 

In  the  following  much  severer  case  the  apparent  resuhl  of  treatment 
were  less  decided  : — 

OioAtttt  mt/fitiu,  tuw  ami  a  Maff  jtar^  rtamJtmg,  afparenllji  camttJ  fy  it  /aU, 

gato^tmnaii^n. 

Cass  CXCII.— MrK  L,,  a  married  iady,  under  middleage,  wastenl  touiMarchf, 
1873.  Two  and  a  lialf  years  before  she  liad  a  severe  fall,  which  produi-ed  a  cooctu- 
son  of  the  s['Tnc,  and  laid  her  up  for  a  week.  In  a  few  months  came  on  excwart 
thint.  coositpiiion,  and  suear  in  the  urine.  She  had  been  throuk;h  voiiotti  forms  of 
trcilment,  and  confined  herself  to  bran-bread,  and  was  then  drinking  Hetheada  waiet, 
which  socnicd  to  do  her  gooil.  tier  condition  was  as  follows:  Specific  gravity  of 
uiiiic,  1049  ;  kix  gallocts  pa«cd  daily  part  of  the  time,  and  when  she  (jaid  no  regitrd 
to  her  diet.  Coniid  eta  tile  facial  neural|[ia,  great  thirst,  a  fecUng  of  aching  and  stiff- 
nen  in  teg«,  with  pains  reieroliling  growing  pains;  tnaomnla,  partly  owing  to  the  fact 
that  she  was  obliged  to  get  up  several  limes  during  the  night  to  pau  water ;  and  tea> 
deriMsf  of  donal  and  lumliar  vcrtebiA  Treatment  by  ceniTBlgalranization  (ailhfully 
UMd  brought  down  the  (peciJic  gravity  of  the  lube  to  1040,  but  never  tower  than  that, 
enabled  her  10  pan  the  etiiire  night  without  rising  to  malie  water,  oud  relieved  many 
of  her  generoP  nerrous  symptoms  and  this  was  all  it  accomplished. 


Cirrhosis  of  Iht  Liver. — The  pains  thai  accompany  this  disease  niay 
be  relieved  by  various  electrical  applications,  and  it  is  possible  that  Ihe 
disease  might  be  arrested,  in  some  cases  at  least,  provided  the  treat* 
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inent  was  began  early  and  faithfully  carried  out.  We  have  known  one 
case  lo  be  somewhat  bene^ced  in  this  way. 

DropsUal  Effuiims. — Dropsical  effusions  are  susceptible  of  treal- 
ment  by  Uie  electric  currents,  even  when  they  depend  on  incurable  dis- 
eases of  the  heart,  liver,  or  kidneys.  Galvanization  and  faradization 
may  both  be  tried  with  strong  currenu. 

In  oedema  of  the  lawei  litnbs  we  have  found  both  galvanization  and 
faradization  temporarily  and  sometimes  pemiiiueutly  ctEcaciuus. 

CtMtral  drepty  fht  rtiull  ef  valvular  ktarl  diitast — Pffwrr/ul  /areiiic  ntrrmtif 

ietahitd,  UTt^ty  iiureau  thi  tttretsry  action  of  the  iniutjrt,  anJ  diiu/aU  lAt 

drapiical  rffiuun, 

Casb  CXCIIl.— December  13. 1870,  we  were  called  lo  ccc.  iritb  Dr.  Sunnd  T. 
Uubbvd,  a  Udy  aged  about  thirty-five  yiam,  who  was  sofSerlng  from  general  dropsy. 
The  abdomen  was  enarmoudy  (lii.ten<led,  and  the  lower  limbs  were  dovhle  tbcir  noi- 
nal  rise.  The  pislicnt  wu  a  frail,  ddicate  woraan,  and  for  yeftn  bad  aiflcred  Uwa 
valvular  discAV  of  the  bcurt  resulting  frona  irtictiUr  rhcumaiism. 

The  kldiic/s  were  almost  cDlircl]r  inactive,  W  tbul  ^c  voided  not  raore  than  a  tea* 
■poonfut  of  utitie  at  a  lime,  and  the  aggrcpite  <jiuLntil]r  accrcteiJ  during  lwenty*roai 
bottra  tnu  bat  n  trifle  All  that  nre  could  hope  to  ocicomplifth  wiu  to  whip  np  itit 
wcrctory  procc«>,  and  (oi  thttpurptnc  st  farad ic  cuirent  of  great  inccnuiiy  wu  directed 
Ihrough  both  kidneyi  and  the  luwcr  limbs.  The  current  wat  10  ibt  paiicni  hardly  a(v 
preciablc.  iiDiwitiiiiilaDdiiig  the  great  suengtb  of  ciurent  used,  and  yet  tlie  flow  of 
urine  wiu  so  iiLcrcaiMxl  that  duria^r  the  oext  twcuty-four  hours  a  greater  aixvount  was 
voided  than  she  was  accustomed  lo  paaa  when  in  her  ordinary  health.  Tbc  a]>plica. 
tions  were  repeated  6ficcn  times  (the  incre^ised  amount  of  urine  secreted  being  kqit 
up)  nntil  the  water  hod  dluppeired  from  the  abdomen  And  legv  Tliis  wasouly 
one  of  »cveT:il  prcrioutSLttackn,  and  her  strength  was  so  niiich  rednccd  Xij  coniloued 
sufrcnnglhat  ihe  gradnally  uuik  and  died.  Eleclriiation  evidently  prqloqgcd  life,  audi 
by  relieving  ibe  pmsure  oci  llie  luugt,  much  allevlalcd  ibe  dlstren^ 

Brighfs  /JiVraf^.— ^Theoretically,  local  galvanization  through  the 
region  of  the  kidneys  and  central  galvanization  ought  to  be  of  service 
in  the  early  stages  of  Blight's  disease.  The  nutrition  of  the  kidneys 
might  thus  be  improved  directly  and  indirectly. 

We  liave  not  yet  ejtptarimcnlcd  as  much  in  this  direction  as  we  could 
wish. 

Dr.  H.  J.  Pratt,  of  Denver,  Colorado,  reports  a  case  of  Brighi'i 
disease  where  the  galvanic  current  applied  over  the  dropsical  abdomen 
and  general  faradiiation  resulted  in  relief  of  the  dropsy,  and  in  a  &m\- 
nution  of  the  amount  of  albumen  and  of  the  hyaline  costs. 

Hhiniiis  {CtUarrh). — Subacute  and  chronic  inflammations  of  mucous 
membranes  are  susceptible  of  electrical  treatment — may,  indeed,  be 
permanently  as  well  as  temporarily  relieved  by  it,  though  but  rarel| 
does  it  work  an  entire  cure  unless  aided  by  other  measures. 
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Aside  from  any  chemical  effect  of  the  current,  its  mechanical  actios 

alone  would  l>c  sufiident  to  theoretically  account  for  the  relief  it  gives 
to  inflamed  mucous  membranes.  Stellwog,  speaking  of  inricants  Jii 
general  in  the  trc-atracnt  of  external  inflammations  of  the  eye,  u»«s  the 
following  language  :  "The  irritation  which  they  set  u|)  in  the  sensory 
nerves  being  carried  over  to  the  vaso-motor  nerves,  may  cause  a  con- 
traction of  the  calibre  uf  the  vessels  when  they  arc  in  a  condition  of 
relaxation.  This  is  done  by  the  excitation  and  invigoration  of  the 
atonic  muscular  fibres.  The  resolution  of  tlic  infl^nimation  is  favored 
by  the  lessening  or  removal  of  the  congestion,  whicii  is  one  of  the 
causes  of  the  unfavorable  cotirsc."  * 

The  theory  is.  fully  plausible  That  electricity  operates  to  a  k-ss  degree 
in  the  same  way,  for  its  primary  effect  is  to  increase  the  amount  of 
blood  in  the  mucous  membrane  to  which  it  is  applied,  and  experience 
shows  that  this  hypera:mic  condition  thus  created  soon  passes  away,  f 

The  same  explanation  will  apjily  to  the  action  of  electricity  on  all  the 
mucous  membranes — the  eye,  tlie  car,  the  pharynx,  larynx,  and  urethra. 
Certainly  the  ultimate  result  of  electrization  is  to  give  tone  to  the  mu- 
cous membranes  as  to  other  tissties  of  the  body.  (For  methods  of 
treatment  of  rhinitis,  see  Anosmia.) 


C^arrhof  tig^ ytar^  tlanJiHg—Cem^ttt  an4  ftrnuMHt  rteavtry  uttJrr  Utai 

gatvatiiiatiOM. 

CasI  CXCI v.— Mr.  N.,  aged  iR,  wu  rererred  to  us  by  Dr.  D.  B.  .St.  John  Koo«a. 
Pof  dj;hl  jrmrt  the  patient  liad  been  affliclol  with  qauI  catMrh,  of  a  moU  pcrvMcnt 
sod  annoying  type.  Wc  cxprcMcd  <Ioulit  il*  to  the  efficacy  of  the  electrica]  treat- 
mcni  in  her  caw,  anil  stated  that  IT  it  wa»  undettalieu  it  would  be  Decenary  to  b« 
root-l  i^neveriiijf  in  onlcr  Iw  le»t  ill.  efficacy. 

The  intieut  was  wiULiig  and  anxioiu  tg  try  tbii  or  any  ottier  tnelbod  that  offered 

tlw  iliehtcGt  chance  of  relief,  and  for  nearly  four  months  ihe  »abmilted  to  the  pco- 

tpoMd  Irentment.     From  (qmx  to  tix  ordinary  tiaed  iinc-»tbon  cclia  wsc  uxnl,  and 

the  Irenlcncnl  wu  lioth  external  and  internaL     About  aixty  applicuiooi  were  ^ven, 

•nd  llic  rc«ull  woi  a  cuinplcic  rccuvcry. 

Over  four  years  have  now  elapsed  since  this  case  was  first  published, 
but  the  patient  has  never  felt  a  symptom  of  a  return  of  the  diffi- 
culty. 

AKCsmia,  or  Loss  ef  Sense  of  SmeiL — A  very  frequent  result  of  long- 
continued  rhinitis  is  partial  or  complete  auosmia.     The  acute  forui  thai 

•  Dueuca  of  the  Eye,     TrnnUated  by  Dra.  HacUey  and  Rooca,  p.  aS. 

{  Gohlbcw  baa  thown  that  the  of^Uaries  of  (he  nit:tilalini;  niembruie  of  the  frog 
contract  Irmnsverwly  under  the  influeuL-e  of  powerful  clcctricid  ihockt.  (BUlrotll'l 
SuTipcal  E'atholDgy.     Ttoiabitcd  ^yy  Dr.  C   E.  Hockley,  p.  jj.) 
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appears  in  the  early  stages  of  severe  cold  usually  pisses  away  without 
treatment  on  the  subsidence  of  the  iiiflaiumation.  In  some  cases 
aiiDsiiiia  is  supposed  to,  and  probably  does,  result  from  careless  and  too 
pruloiigcd  use  of  ovcr-irnt.itiii^  ii)jcctiou4-  There  are  various  (grades 
of  the  disease,  from  simple  and  scarcely  perceptible  obluscncss  of  the 
smell  to  absolute  inability  to  detect  any  odor  whatever. 
KeToscDe^  ccffeu,  illuiiiLuating  gas,  make  no  more  impres- 
sion than  substances  of  a  negative  character. 

Anosmia  uiay  also  result  from  central  as  well  as  peripheral 
lesion. 

The  ireaiment  of  anosmia  njay  be  both  external  and  internal. 
The  external  treatment  is  the  sarae  as  that  recommended 
for  rhinitis,  except  that  the  current  shoidd  be  much  stronger ; 
tlie  iuleinal  treatment  consitits  in  the  direct  application  of  a 
metallic  electrode  to  the  mucous  nieiiibraac  of  tlte  Dasal 
pas»iges.  We  have  used  for  this  purpose  an  insulated  elec- 
trode, with  a  metallic  bulbous  extremity  that  can  be  run 
some  distance  up  the  inferior  meatus.  An  insulated  Eus- 
tachian catheter,  containing  a  wire  with  a  bulbous  estrcmit}\ 
serves  very  well  the  purpose,  ot  a  common  silver  catheter, 
Ntoal  Llei>  'in'fsulatcd,  may  be  used  j  or,  indeed,  any  flexible  metallic 
[rode,      electrode  of  proper  sixe. 

Antsmta  txitHug  tix yf>irt—Iinpr\'oemtnl  umdtr  trtatment  fy  local faraJiaa/ieH, 

Ca3f  CXCV.~Mr.  II  I.,  a  meiical  'tu'cnt,  aged  30,  wurcfcrrtd  to  u*  by  Dr. 
Koou,  May,  1869.  Snmc  ux  ynn  prrvioiuly  the  ]Muient  had  falleii  frotn  a  liorsc  atid 
sustained  Hrvere  bruli>»  iibuui  (he  heaJ  and  ftct,  Ff  oiu  Uiai  lime  he  had  been  uiiil>le 
to  dutinguHh  auy  oOvr  wiih  (he  cice^jtion  of  tlial  of  fresli-ground  coSTcc  and  kercMene 
oil. 

A  powerful  aiipbcation  or  the  Janidic  eunot  ww  made  on  either  idde  of  (he  bridee 
of  the  Dute,  near  the  eyea,  enabling  him  in  the  couiu  of  a  few  hours  to  soacU  faintly 
certain  strong  perfume*. 

On  the  rollovrifig  morning,  howeTcr,  he  vras  mrprued  to  find  himself  able  to  vnell 
tobacco  smoke,  camphar,  etc 

Hik  Knae  of  unell  remained  Ihui  acute  until  three  or  four  ui  the  aftenioot^  wbefl 
il  suddenly  disapgicareil. 

A  lecond  appUcalioD  ur^s  fDllowcd  by  the  beueRcial  result  of  the  Sr>t,  and  with 
onty  a  partial  relapse,  while  the  thiid  and  fuurth  trances  reidMed  him  lenstble  to 
mut  of  the  ordinary  odora. 

Anonmia  astoeUittd  vfUk  iou  of  tkt  umt  of  taiU—Rteeoi*y  undrr  IstaUtt^ fatvmitit 

Ca&K  CXCVL— Mtv  H.,  *enC  to  lu  by  Dr.  A.  K.  Brockwiy,  aged  45.  was  suflcr- 
inK  Trom  a  scvae  and  chronic  noMtl  catunh,  niid  aaodatcd  with  this  diieaAc  wa.>i  a 
complete  lose  of  the  tcnici  of  taste  aitd  ^mell. 
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It  w»  Hlikc  to  the  paiicnt  whether  At  Ale  the  moM  delicate  mnnel  or  the  dqeU 
cnu(,  01  wheihcr  she  inhaled  the  perfume  of  the  ruM  or  tlie  ino«t  diugreeable  o( 
odon,  Tkii  condiliun  hu  cxisleil  for  icvcr&l  )'car^  but  unJcr  the  bfluence  of  the 
galranic  carrcnt,  applied  both  lo  th«  mucnut  mcmhruie  of  the  naud  pwaa^ea  and  ei* 
ternaily,  the  woMt  of  (a&te  and  unell  giaduaUy  returned  to  their  normal  acutencsk 

Tocthaehe  {OdoHtalj^a). — The  iialliological  conditions  that  give  rise 
to  toothache  are  su  various,  a»d  the  anacoiiiical  difficulties  in  the  way 
to  direct  localization  of  the  curreiit  in  the  affected  nerve  are  so  great, 
that  uniform  results  from  electrical  treatment  cannot  be  e^tpecied. 

The  familiar  cause  of  toothache  15  exposure  to  cold.  Although  the 
nerves  conncclcxl  with  decayed  teeth  are  more  liable  to  be  affected 
after  such  ex|>05ure,  yet  the  nerves  of  anjr  or  of  all  the  teeth,  even 
when  ihcy  are  perfectly  sound,  may  aUo  become  hy[»cra;»thtftic  and 
cau!ie  exceeding  distress,  either  from  exposure  to  cold,  or  Itoqi  ansniia 
or  ner\'au5  cxhauslion.* 

The  applicalioDS  may  be  txifrnalQX  inttrHoi,  eiUiec  witli  the  faradic 
or  galvanic  currents.  The  galvanic  is  preferable,  since  by  tt  we  can 
better  put  the  irritable  nerve  io  a  condition  of  atielectrotonos  (see  p. 
38t).  Elxtcmaily  a  moistened  sponge  electrode  connected  with  the  posi- 
tive pole  may  be  applied  for  a  few  niinutes  over  the  scat  of  the  pain, 
while  the  other  is  held  in  the  hand  of  tl;e  patient. 

The  application  may  be  made  internally  by  means  of  a  small  insulated 
electrode,  with  a  metallic  extremity.  (The  nasal  or  laryngeal  electrode 
will  serve  the  pur|)gsc.) 

Ill  both  the  external  Hiid  iiilcriial  applications  it  is  well  to  begin  with 
a  mild  current,  and  gradually  increase  it  up  to  the  point  where  the 
patient  oin  conveniently  bear  it 

OtOHt  and  Osi>nixeJ  Oxygen. — When  sparks  of  electricity  pass  be- 
tween two  metallic  pUtes,  a  peculiar  odorous  principle  is  developed, 
which  has  been  termed  0zvnt  (from  ^^n,  to  smell).  This  odor  is  observed 
during  experiments  witli  apparatus  for  statical  electricity,  white  the  elec- 
tricity is  passing  from  a  point,  when  a  discharge  from  a  strong  battery  is 
sent  through  a  number  of  sheets  of  paper,  and  also  af^er  an  object  has 
been  struclc  by  lightning.  As  long  ago  as  1785,  Von  Marum  observed 
that  elc(;lrihed  oxygen  gave  forth  an  odor  much  like  Uiat  wliich  u  ob- 
served adci  a  lightning  stroke.  This  odor  was  usually  described  as  "  sul* 
phiirous."  Mr.  Sch6nbctn,  who,  in  1840,  first  called  formal  attention  to 
ozone,  first  discovered  tliat  it  appears  at  the  positive  pole  in  the  elec- 
trolyzation  of  water. 

*  Frommhnld  pve«  an  tBtcre^ting  chajXer  on  O(lon(al(>ia  Rheumaiiis.  See  lut 
FJectruUM:(«i>ie  bui  bcMDiiocr  Kildukbl  auf  Ncireo-Kionklieilet),  1865,  p.  404. 
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The  observer  also  found  that  tiai  peculiar  odoiiferoas  principle  can  be 
preserved  in  glass  vessels  for  a  very  long  time.  The  odor  may  be  pre- 
vented from  appearing  by  raising  the  temperature  of  the  Iic;uid  to  a 
boiling  point,  and  it  may  be  at  once  neutralized  by  the  addition  of 
quite  small  quantities  of  pulverized  charcoal,  tin,  zinc,  iron,  lead,  au)- 
timony,  bismuth,  or  arsenic,  by  a  little  mercury,  or  by  introducing  into 
the  <iubstance  red-hot  platinum  or  gold.  Jt  is  produced  by  the  kIow 
oxidation  of  phosphorus.  It  is  disengaged  fron]  solutions  of  a  number 
of  the  salts  >nd  from  diluted  nitric,  phoiiphoric,  and  sulphuric  acids. 

Mr.  Gann  concluded,  from  bis  experiments,  that  this  odor  may  be 
evolved  from  all  metals,  pru%-idcd  they  are  eo  treated  as  not  to  become 
oxidized  or  tocoinbine  with  other  metals.* 

TfS/t. — The  test  for  ozone  proposed  by  Sch^inbcin  was  a  paper 
moistened  with  a  solution  of  iodide  of  potassium  and  »tnrch.  The 
O£one  sets  free  the  iodine  and  gives  the  starch  a  deep-blue  color. 

Generai  Prcpcrfies. — Ozone  is  active,  intensified  oxygen.  Like 
oxygen,  it  has  a  powerful  oxidizing  action.  It  is  about  half  as  heavy 
as  oxygen,  a.a.<X,  at  a  temperature  of  390°  (Cent.),  is  changed  back  into 
ordinary  oxygen.     It  is  only  soluble  in  oil  of  turpentine. 

Orone  exists  in  the  atmosphere  in  greater  or  less  quantity,  which  is 
believed  to  vary  with  the  atmospheric  conditions,  and  to  exert  adc6nitc 
and  powerful  influence  on  the  health,  although  precise  and  satisfactory 
demonstration  of  the  nature  and  extent  of  the  laws  of  this  influence  is 
yet  wanting. 

According  to  the  experiments  of  Frof.  Schoiibcin,  Messrs.  Martigucr, 
Matignac,  Dc  la  Rive,  Ilccqucrcl,  Fr^niy,  and  others,  it  would  appear 
that  ozone  is  only  a  peculiar  form  of  oxygen  produced  by  electricity — a 
change  analogous  to  that  which  the  solar  rays  bring  forth  in  chlorine — 
and  that  its  prcBcncc  in  certain  quantities  is  essential  to  health.  Ac- 
cording to  Dr.  Doeckel,  Prof.  Sch&nbein,  and  Dr.  Billiard,  tbe  presence 
of  cholera  or  malaria  is  attended  by  the  absence  of  oeoncf  It  is  fifissi- 
ble  that  ozone  has  more  or  less  share  in  the  variatians  of  the  physical 
conditions  that  have  been  ascribed  to  changes  in  the  conditions  of  atmo^ 
pheric  electricity.  Ozone  is  found  to  be  especially  abundant  in  the 
atmosphere  after  a  thunder-storm.  It  is  also  supposed  to  be  produced 
by  decay  and  the  growth  of  plants.  It  destroys  the  impurities  of  the 
air  miasms  by  producing  oxidation.     It  has  been  estimated  that  "a 

*  Lectures  nn  Electtidty  by  Henry  M.  Noad,  Londoa.  1S44.  p.  aja. 

f  On  the  Influence  of  Viuinikini  <A  Electric  Tension  as  the  remote  Came  ol 
rpidcmic  and  olher  Diieues.  Ky  Wm.  Crtiig,  1K64,  p.  424.  See  >lu)  ContcUtti 
(ux  on  Oi»ne  aiid  Antmoae,  for  a  rtviuat;  tA  what  »  known  of  this  sub^-t. 
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volume  of  air  containing  ,^j  of  ozone  will  purify  540  volumes  of  pu- 
trid  air."  In  ihe  arts  oionc  has  been  imlizcd  for  bleaching  and  disin- 
fecting. 

Physi&Ugieat  ami  Therapeutieai  Effects  of  Oione. — ^The  physiolo^cal 
efiircts  of  oione  have  been  studied  both  on  man  and  on  animaU.  It  11 
believed  that  tlic  bracing  and  rna|Jiring  effect  of  a  clear,  crisp,  and 
sparkling  niorniiig,  '\%  due  in  part  lo  the  great  ainuunt  of  ozone  in  the 
atmosphere.*  When  it  is  held  in  combination  with  oxygen  or  common 
air,  it  acts  tnuch  like  oxygen,  but  more  powerfiilly.  It  affects  the  pulse, 
the  respiration,  and  the  circulation,  In  various  ways,  according  to  the 
quantity  taken,  and  the  temperament  of  the  individual  In  this  respect, 
it  behaves  like  electricity.  It  has  been  thought  that  ozone  is  fonned 
in  lh<:  body  from  the  contact  of  oxygen  gas  with  the  blood,  and  there 
are  lliose  who  believe  that  it  is  absorbed  with  the  oxygen  in  the  air,  and 
K  carricil  into  the  blood,  where  it  takes  part  in  thn;  process  of  oxidation. 

There  is  a  po&sihiUir,  if  not  indeed  a  probability,  that  electricity,  in 
its  passage  through  the  body,  generates  uxonc  in  very  minute  quajitilies, 
through  the  electrolytic  and  other  changes  that  it  produces,  and  the 
tlieory.  that  the  beneficial  effects  of  electrization  are  in  part  due  to  the 
ozone  thus  generated,  has  some  plxusibility.  But  on  all  these  subjects 
very  liille  is  known.  Experiments  made  in  the  Iaborator>-  with  ozone, 
artificially  prepared,  are  highly  suggestive.  Catarrhal  symptoms  and 
attacks,  much  resembling  epidemic  influenza,  arc  produced  by  long 
breathing  air  laden  with  ozone.  It  is  stated  that  it  would  be  difTioilt  to 
distinguish  between  the  symptoms  of  influenza  and  the  symptoms  of 
an  over-dose  of  ozone.  Experiments  on  animals  have  shown  that  irrita- 
tion of  the  mucous  lining  of  the  throat  and  nostrils,  with  febrile  symp. 
toms  and  congestion  of  the  lungs,  may  be  quickly  excited  by  breathing 
air  containing  a  large  percentage  of  ozone.  If  animals  are,  for  a  long 
lime,  subjected  to  ozone,  they  perish.  In  their  susceptibility  to  it» 
however,  ihey  vary  widely.  A  rabbit,  breathing  air  mingled  with  ^^ 
of  Its  weight  in  ozone,  has  died  in  two  hours.  Mice,  breathing  air  about 
C^VT  of  osone,  have  died  immediately.  Kals  are  more  Misceplibltf 
than  guinea-pigs,  and  guinea<pigs  are  more  susceptible  than  rabbits. 
Pigeons  are  quite  tolerant  of  ozone,  and  firogs  are  proof  against  it,  pn>. 
vided  they  have  abundance  of  water.  lUrds  arc  specially  tolerant  of 
this  ^cni,  as  might  iiattiratly  be  inferred,  since,  in  the  higher  strata  of 
''tfie  air,  where  they  fly,  ozone  is  more  abundant  than  near  the  earth. 

A  convenient  apparatus  for  the  inhalation  of  ozonized  oxygen  is  that 

*  Dr.  Bal'lwio  Am.  Jovr.  Mc<L  Science*,  Oct.,  1874)  givo  obcemtwiM  tliM  oo> 
f  i»c  tbii  tlieory. 
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orSiemen's,  which  consists  of  a  glass  lube  lined  with  iin-foil  leives  thai 
are  connected  with  the  current  from  a  powerful  helix,  and  sliglitly 
8ci>ajated  from  each  other,  80  that  in  passing  from  one  to  the  other  the 
current  is  intennpted  with  sparks.  Through  this  tube  the  oxyyen  passes 
from  an  iron  receiver,  and  oione  is  developed  by  the  action  of  the 
ainent  at  its  imcmi[>tions.  By  this  ai>|)aratas  fifteen  per  cent,  of  the 
oxygen  may  be  converted  into  ozone.  A  glass  apartment  may  be  con- 
structedon  the  same  principle,  in  whicli  the  patient  may  sit  for  a  loog 
time  and  slowly  breathe  in  a  lutural  manner  the  diffused  ozoni/ed 
oxygen. 

Dr.  C.  1-endcr,*  of  Berlin,  has  succcssftilly  experimented  with  the  in- 
halation of  ozonized  oxygen  in  the  treatment  of  wounds,  and  has  found 
that  in  malaria  and  various  conditions  associated  with  impure  Mood 
and  depraved  nutrition,  its  corrective  and  tonic  effects  arc  very  decided. 
In  this  country  the  therapeutic  effects  of  o/gue  have  been  studied  by  Dr.., 
Sass,  and  »ith  encouraging  results. 

Antotone. — This.  like  ozone,  is  an  active  condition  of  oxygen,  and  Is 
produced  in  the  same  way  and  at  the  same  lime.  The  fact  that  such  a 
condition  as  Aniesene  might  exist  was  suspected  by  Sch5nbein  in  1858, 
and  its  properties  have  since  been  studied  by  Meissner,  in  1863  and 
1869. 

Ifay  Fn^er — {Summer  Calarrk — Rote  Cold — Autumnal  Catarrh.—' 
We  have  recently  made  extensive  researches  in  this  strange  dise-ise, 
and  have  shown  that  the  nervous  system  has  more  to  do  with  it  than 
has  been  supposed.  We  have  treated  two  cases  of  the  disease  dur- 
ing the  attack  by  external  galvanization.  In  one  case  considerable  and 
in  the  other  case  very  decided  rcbef  wa.s  obtained.  Dr.  W.  F.  Hutch- 
inson, of  Providence,  has  succeeded  not  only  in  relieving,  but  in  brctk- 
ing  up  an  attack  by  central  galvanization. 

As  a  prophylactic  a  prolonged  course  of  general  faradization  or  cen- 
tral galvanization  is  recommended. 

Acute  Viieases — Fevers — Convaleicenee. — General  faradization  and 
central  galvanization  might  be  used  in  acute  diseases  much  more  than 
they  have  been.  When  quinine,  iron,  etc.,  are  used,  these  methods  of 
electrization  should  be  used  both  for  their  sedative  and  their  tonic 
effects.    That  the  pulse  and  temperature,  when  abnormally  high,  can  be 

*  Pas  QDrelne  Blui  uad  wine  Re1ni(;un2  durcb  neKaiiv-cleciiiKhm  SaocrttofT 
{Oion}.  Alw,  SKuerstuff  untl  OioiuaucnioA',  ncbst  ihier  Aawendune  b«l  Verwoa- 
dcien  noch  einem  im  Berliner  Inh&latoriain  i^haltCDca  VoUvge.  Compare  also  Dr. 
A.  H.  Sroitli's  excellent  paper  on  Oxygen  Gas  as  a  Remedy  in  Disease.  New  Yotl^ 
1870. 
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reduced  by  general  farndtzation  and  central  galv.ini»fion  we  hftve 
abundantly  established  by  many  observations,  and  the  greater  tonic 
cfTccts  of  these  methods  of  Hiding  electricity  arc  now  conceded  evtny* 
where. 

The  introduction  of  these  methods  to  the  treatment  of  acute  and  sub- 
acute diseases  offers  a  great  field  for  enterprising  general  practitioners. 
Dr.  Gtax  treated  thirty  cases  of  typhoid  fever  by  galvanization  of 
the  cervical   sympathetic,  and  succeeded  In  reducing  the  temperature 
and  diminishing  the  fever. 

In  convaUscenee  frcm  any  acute  disease,  general  faradiialion  and  cen- 
tral galvanisation  are  a  great  assistance,  and  have  been  considerably 
used  for  that  purpose  by  ourselves  and  other  observers. 

Obf-iity. — Obesity  lus  been  treated  by  powerful  faradi/aiion,  with  a 
view  to  produce  absorption  of  the  adipo-sc  tissue,  .ind,  it  is  claimed,  with 
some  success.     The  aiiplications  are  directed  through  the  abdomen. 

Chronic  AUohoUsm. — Without  atlemptiiig  to  consider  the  tnany 
symptoms  associated  with  alcoliolic  poisoning,  or  attciuiJting  |y  defire 
the  possible  pathological  changes  tliat  may  appear  in  t^ie  inetnbrancs 
of  the  brain  and  spinal  cord,  wc  would  here  simply  call  allenlion  to  a 
certain  impairment  of  motor  power  in  the  lower  extremities.  This  loss 
of  power  simulates  parapi^gi^  bur  a.s  a  rule  is  only  partial  or  incnni- 
pletc. 

It  is,  however,  siiffiriently  distinctive  to  deserve  the  term  of  "alco- 
holic p-iralysift,"  and  is  indicative  of  a  condition  more  rooted  and  severe 
than  the  familiar  general  imtscular  and  nervous  debility  that  afflicts  the 
habitual  drinker.  While  in  many  cases  of  alcoholic  paraplegia  it  is 
evident  that  certain  pathological  peculiarities  must  exist,  such  as 
chronic  meningitis  of  the  cord,  on  the  one  hand,  and,  on  the  oiher, 
thickening  of  the  membranes  of  the  brain  and  spinal  cord,  together 
with  a  wasting  of  their  substance,  it  is  in  other  cases  as  certainly  evi- 
dent that  no  such  structural  change  is  present.  On  no  other  supposition 
can  we  account  for  the  rapidly  and  permanently  beneficial  effects  lliat 
so  frequently  follow  the  use  of  electrization  in  cases  of  alcoholic  para* 
plegia. 
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SUeirff-surgwy  is  that  branch  of  e!ectro4herapeuiies  which  inelu^ti 
the  ehffrical  treaiment  of  the  diseases  commonly  known  as  surgical. 

He^idcs  the  four  medical  ai>plication!»  of  ekctricily, — localized  fara- 
dization, localized  galvanization,  general  faradizatioD,  and  central  gaU 
vanizalion— aii  of  whicli  may  be  used  for  surgical  disease*,  it  includei 
galpono-cautery  and  cUetrolysis,  both  of  which  may  be  regarded  as  pe- 
culiar to  thiH  department. 

History  of  Jilcctro-Surgtry. — ^The  history  of  surgical  electricity, 
though  to  a  considerable  degree  interwoven  with  the  history  of  electro- 
therapeutics in  general,  ta  yet  ftuihcicnlly  distinct  to  entitle  it  to  special 
consideration. 

Electro-surgery  was  bom  in  one  of  the  darkest  eras  of  electro-ihera- 
peutics,  the  decade  just  preceding  the  great  discovery  of  induction  by 
Faraday,  in  1S31.  The  distrust  and  neglect  with  which  at  this  period 
esi'ccially  electro  therapeutics  was  regarded  by  men  of  science  was  due 
{lartly  to  the  reaction  that  inevitably  followed  the  exlravjig.-tnl  hopes 
that  had  been  raised  on  the  discovery  and  populari-tation  of  the  voltaic 
pile  at  the  beginning  of  the  century  \  partly  to  the  inconstancy  and  un- 
reliability of  the  pile  itself,  partly  to  the  almost  absolute  ignoraniie  of 
the  profession  concerning  the  indications  for,  the  effects  of,  or  the 
methmls  of  using  electricity;  and  [Kutlyalso  to  the  fact  that  it  was  con- 
founded with  mest)it.Ti5m,  which,  after  creating  absurd  and  wide-spread 
cxcilcmcnt,  had  fallen  into  deserved  and  permanent  ncglecL 

It  was  in  the  middle  of  this  era.  In  the  year  1815,*  when  the  cause 
of  electro-therapeutics  seemed  hopelessly  lost,  that  Sarlandiere  \  called 
renewed  attention  to  this  despised  agent  by  proposing  the  employment 
q\  electro-f  tincture,  in  order  to  bring  the  current  more  directly  to  beat 
on  the  deeper  tissues.  The  first  experiments  were  made  with  statical 
electricity. 
The  subject  was  afterwards  studied  by  Magendie,  who  used  electro- 

*  Two  year*  prcviouiJy  (1833)  Pr^voit  and  Dnmst  lincl  attempied,  with  some  «uc- 
ens,  the  diwululion  of  calcuJE  of  the  bladder  in  uiiaials;  and  many  yean  before 
•amt  wrgical  diwues  h^il  been  Ireaied  electrically,  bat  the  lubjvct  was  not  lyttcnuit' 
oilly  Hudied  luiilt  (1^3^ 

t  Hteoire*  vu  Vikctro-pundure,  V*i\\  iSsj. 
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puncture  with  (be  galvanic  current  (galvano-punctuce)  in  the  treattnenl 
of  TuioLU  diseases.  At  first  electro-puncture  was  used  medically  more 
than  surgically.  The  treatment  of  aneurisms  by  this  method  was  of  a 
later  date. 

The  idea  of  causing  coagulation  of  tlie  blood  by  galvano -puncture  was 
originally  suggested  by  Scudanioie,  and  in  1831  Gu^rard,  Pravaz,  and 
Lcroy  d'Etiallcs  propotscd  the  treatment  of  aneurism  by  this  method, 
which  wa<i  first  practised  by  B.  Phillips,  about  the  year  1833,*  and  aflerJ 
wards  studied  by  Ljston. 

In  rS^g  Schuster  successfully  employed  electro-puncture  for  the  treat- 
ment of  hydrocele  and  other  serous  effusions,  and  in  1843  he  reponed 
his  succesBcs  to  die  French  Academy. 

In  1839,  and  the  following  year  also,  Crussel,  whose  name  is  so 
prominent  a  figure  in  the  history  of  clcctro-suTgcry,  began  his  investiga- 
tions on  electroIysi9.t  His  experiments  excited  little  interest  in  the 
profession. 

In  1843,  also,  Steinheil  and  Heider  suggested  the  theory  that  ihe 
nerves  of  teeth  might  he  killed  by  placing  a  platinum  wire,  heated  by 
the  passage  of  a  galvanic  current,  in  the  cavity,  and  to  1845  Heider 
hrst  successfully  employed  this  method.  He  used  for  this  purpose 
one  very  large  element  of  Grove.  The  operation  took  but  a  few 
seconds. 

In  1846,  Crussel,  whose  name,  as  we  have  seen,  is  also  to  be  remem-' 
bered  as  the  founder  of  electrolytic  treatment,  successfully  removed  by 
the  heated  platinum  wire  a  "  large  fungus  haematodes,  situated  in  the 
frontal  and  ocular  region." 

In  the  same  year  Fetr^quin,  of  Lyous,  obtained  successful  results  in 
the  treatment  of  aneurisms  by  galvano- puncture.  The  year  1846  may 
therefore  be  regarded  as  one  of  special  significance  in  the  history  of 
electro-surgery.  About  this  time  also,  the  same  treatment  was  used  by 
Burci,  of  Italy. 

In  1S47  Bertani  aud  Milani  first  treated  varicose  veins  by  galvaruv, 
puncture.     In  the  same  year  Cnissel  published  his  method  of  treaiir 
ulcers  by  availing  himself  of  the  electrolytic  powers  of  the  galvanic  car- 

*  Erictuen't  Svrgay,  p.  513. 

f  Frommkald,  KI«ctrothenpi«  mit  besonderer  Kiickiicht  auf  Nerrat-Krankheiten, 
Pcsl,  (865,  p.  104. 

TUe  fint  exjicriinenls  with  dectruty«b  were  nude  iQUch  culier  thftit  Ma;  ilac*^ 
■cconling  to  Brenner,  Monginidini  and  Lanrlo  bsil  uied  a  needle -i1iiii>oi]  electrode, 
ccmneclcd  with  the  ncsaiive  pole  (probibly  of  a  voltaic  pile,  wliiciiwM  llien  jtut  com- 
me  iDlo  noticfl).  for  the  treatmcol  of  e«n^ene.  J>tl/'  af^uaaieMi  dtl  Ca/vanunt* 
atta  medintta,  Geturmt^  1S03. 
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rent  Thi*  author  observed  dux  when  two  metallic  plates  arc  con- 
nected with  the  poles  of  a  galvanic  apparatus,  and  applied  to  the  body, 
very  dilTcrcnt  effect*  were  produced  ai  itie  two  poles — the  positive  act- 
ing like  an  acid,  and  making  harder  the  tissue ;  the  negative  Ukc  an 
aUali,  and  causing  aa  increase  of  Duid.  On  the  strength  of  this  ob- 
ser\'aiion,  Crussel  treated  ulcers  and  cancers  l)y  a  Row  connected  witli 
the  positive  pole  of  the  apparatus,  while  the  negative  was  in  the  hand 
of  the  patient.  The  result  of  this  treatment  was  to  cause  a  scab  to 
form,  which  fell  olT,  leaving  the  sore  smaller  and  more  healthful  in  a|>< 
pearance.     Repeated  treatment  of  tliis  kind  wrought  cures. 

In  the  same  and  the  folluwing  year,  CnisscI  formally  called  the  at* 
tention  of  the  profession  to  "the  electrolytic  method  of  cure."  •  For 
the  treatment  of  strictures  another  method  was  subsequently  inves- 
tigated by  Willcbrand,  Wells,  Ciniselli,  and  has  recently  been  revised 
by  Scoutcten,  Mallez,  Tripier,  and  others.  In  1850  Marshall  sug- 
gested and  successfully  employed  the  galvano-cautery  in  the  treatment 
of  fistula;. 

In  T852  Baumgarten  and  Wertheimer,  with  the  cn.opcration  of  Mal- 
gaigne,  successfully  operated  on  an  aggravated  case  of  varicose  veins  in 
the  anil. 

Ill  1853,  also,  CtniseUiff  who  still  cultivates  with  distinguished  suc- 
cess the  department  of  electrolysis,  first  established  by  experiment  that 
t/u  aikalies  appear  at  the  negative^  and  the  adds  at  the  positive  poU. 
His  method  of  demonstration  was  to  lay  a  piece  of  flesh  across  the 
edges  of  two  rcKcIs  filled  with  distilled  water,  and  alternately  con- 
necting each  of  the  vessels  with  a  pole.  The  acids  were  found  in 
tlic  vessel  containing  the  po&itive  pole,  and  the  alkalies  in  the  ves- 
sel containing  the  negative.  The  piece  of  flesh  nus  shrunken  and 
bumcd.J 

In  1853  Ellis  first  used  the  heated  platimim  wire  for  cauterization 
of  the  cervix  in  inflammations  and  ulcerations.  In  this  same  year 
Hall  succssfully  treated  a  case  of  ununited  fracture  by  galvano  punc- 
tiirci 

A  great  and  important  impulse  was  given  to  galvano^^autery  by 
''Middcldorpff,  wlio,  in  1 854,  published  his  celebrated  work  on  the  subjccl.| 


*  Di«  Electrolyliiche  Itcllmelliodc.  Neue  Mc(I..Clt!r.  Zcilunf,  1847,  No.  7. 
Me>l  Z«iliin([  Ruwland*,  1847  mkI  184S.     Qnolcd  by  Meyer,  opt  ctt.,  ^  474. 

f  Dfiir  auone  chlmtga,  (tell*  elecTridta^  Oemotift,  1S53. 

%  Brnner,  UnleiiBch^gai  und  BwlxKbluBgen  tuf  <l«n  Gehietc  der  Etelctrothor. 
apic.  Bd.  U.,  p.  *6s. 

I  Tli«  GaJvano-Canrlcv  Bre»lau.  1854. 
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In  1855  Dcnurquay  removed  a  swelling  of  the  submaxillary  gland 
by  galvano-punciure.  In  the  same  year,  Vergnfis  and  Poey  publish* 
their  experiments  on  the  removal  of  poisonous  metais  from  the  body  by 
Hic  cicctro-clicmical  bath. 

In  1856  Boulu  caused  resolution  of  tumors  in  a  number  of  cases 
magneto-clertricity,  applied  by  means  of  metallic  disks.     Two  cases  of  ' 
swelling  of  the  parotid  gland  were  io  this  way  entirely  cured.     In  the 
same  year  Mcding  extracted  mercury  from  a  patient  who  had  long 
BtifTcrcd  from  tncrciuial  poisoning,  by  means  of  the  electrO'ChemJcil. 
bath. 

In  1858  and  1859  Zsigmondi  published  the  result  of  his  successful 
experience  with  galvano-cautcry  after  the  system  of  Middcldorpff.  In 
1859,  also,  DelsCanche,  Lehmann,  Burdel,  and  Thevisseu  reported  suc- 
cesses in  the  treatment  of  hydrocele  hy /arade puncture, 

Jn  iS6f  l^aun  and  Von  Oruenewald  introduced  the  galvano-cauterj 
into  gyna;colog>',  where  it  has  since  been  employed  for  the  removal  of 
polypi,  excision  of  the  cervix,  and  so  forth. 

Both  in  thtf  extent  and  the  variety  of  his  operations  in  this  dcpait- 
meni  Middcldorpff  far  surpassed  all  his  predecessors.  He  devised  a 
powerful,  though  souiewliat  bulky  apparatus  as  well  as  various  burners 
and  loops  for  operating  on  dilTerent  parts  and  organs  of  the  body. 

In  r867  Allhaus*  revived  the  alteiitioii  of  surgeon*  to  the  surgical 
powers  of  clcctiicitj-,  by  reports  of  successful  experiments  in  the  treat* 
aient  of  nien  and  tumors  of  various  kinds  by  eJecirolyiation. 

During  the  jMst  five  years  extensive  researches  have  been  made  in 
nearly  all  the  prominent  departments  of  Electro -Surgery  by  the  authors 
oTthe  present  treatise,  f  The  results  of  the  researches  are  recorded  in 
this  section.  Experiments  made  in  those  departments  of  E!eclm- Phy- 
siology bearing  on  Electro  Surgery  have  already  been  recorded  in  the 
section  on  Elcctro-Phystology.  During  the  same  period  the  vanons 
departments  of  Elcctro-Surgery  have  been  studied  by  Althaus,  Von 
Bruns,  Byrne,  Groh,  Neftel,  Duncan,  Newman,  Voltolini,  Caldwell, 
Prince,  ourselves  f  and  others. 

Surgkat  (ompared  witk  AftdUat  Electricity. — Id  coro|«irbg  this  his- 
tory of  turgicitl  with  that  of  medieai  electricity,  we  observe  a  number 
of  interesting  points  both  of  similarity  and  of  contrast.  Surgical  is 
much  younger  than  medical  electririry,  dating,  as  we  have  seen,  from 
1835,  In  neither  department  has  the  progress  been  uniform  or  consent. 

'  Turner  and  other  Surginl  IHteues.     1867.  ^ 

f  ainic*!  Rc«*tdi«  in  Elcciro-Siii^cry.  By  A.  D.  Rockwell,  A.M.,  M.D.,  um) 
G«ivge  M.  Deanl,  A.M..  M.D.     William  Wood  &  CO.     1873. 
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Etm  of  extravagant  expectation  liave  been  Tollowcd  by  rras  of  indif- 
ference, although  with  surgical  electricity  the  contrast  has  been  much 
less  marked  than  with  niertical.  The  interest  thai  was  aroused  by 
the  ititroduclion  of  elcciro-iinncitire  in  1^35,  of  elcccrolysis  and  gal- 
vano^autery  in  1846-47,  waa  followed  by  a  leactioii  of  neglect  that 
allowed  the  whole  subject  to  sink  into  nearly  absolute  forgetfulness. 
The  progress  of  sLirgicil  even  more  than  cf  medical  electricity  has  been 
impeded  by  want  of  convenient  and  rt-liabic  apparatus,  and  by  this  dif- 
ficulty is  explained  the  hct  rhat  so  few  workers  have  entered  this  most 
promising  field.  While  the  number  of  cxp^irinieniers  in  medical  elec- 
tricity, both  in  tlie  profession  and  out  of  it,  and  in  various  countries,  is 
very  large,  including  very  tiiany  of  the  ablest  writers  of  modern  medical 
literattire,  the  practice  of  distinctly  surgical  electricity  has  been  con- 
fined to  a  few,  and  the  authors  by  whom  it  has  been  really  advanced 
could  be  counted  on  one's  fingers. 

Surgical,  unlike  medical  electricity,  has  been  studied  and  pursued 
mainly  by  men  of  science,  and  the  progress  that  has  been  made  in  it 
has  been  much  more  frequently  iJie  direct  result  of  scientific  observa- 
tioii  and  experiment.  Those  physicians  who  have  made  eras  in  medi- 
cal electricity  have  done  so  by  improving,  developing,  systematizing, 
and  introducing  to  the  profession  methods  of  treatment  which  either  by 
charlatans  or  others  had  been  substantially  known  and  practised  before 
them.  Sarlandiere,  Stenhcil,  Heider,  and  CrusscI,  on  the  contrary, 
fir^t  suggested  and  employed  as  well  as  introduced  to  the  profession 
elcctro-iKinctitrc,  gal vano- cautery,  and  electrolysis. 

Another  important  distinction  is  this,  that  nearly  all  tbe  surreal  dis- 
eases  for  which  electricity  is  employed  have  been  treated  with  more  or 
less  success  by  other  methods,  while  in  many  of  the  medical  diseases  in 
which  electrization  has  been  most  successful  it  has  been  the  chief,  and 
in  some  the  only  dependence. 

Finally,  it  should  not  be  forgotten  that  the  surgical  successes 
achieved  by  electricity  have  been  of  great  service  to  electro- therapeu- 
tics in  general.  A  surgical  operation  appeals  to  the  eye  and  to 
mechanical  skill,  while  medicine  appeals  more  to  the  higher  and  rarer 
C)ualities  of  reason  and  imagination.  Many  who  fail  to  comprehend  a 
contplcx  medical  fact  or  principle  may  be  fascinated  and  carried  to  et»- 
tlmsiasm  by  whatever  strikes  the  senses.  Hence  we  find  that  the  sitg- 
gestion  of  electro-puncture  in  1825  revived  an  interest  in  electricity 
that  its  purely  mcilical  applicaiioas  failed  to  sustain,  and  from  that 
time  to  the  present*  the  fortunate  operations  of  galvano-cautery  and 
electrolysis  have  arousc<:l  the  attention  of  m;iny  who  had  no  faith  io 
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and  no  comprehension  of  the  remarkable  powers  of  electricity  ovet 
nulntioti. 

Temperament  of  the  Patient  less  important  in  Surgieal  than  in  Medi- 
<a2  EUctrieity.^^lx^  medical  electricity,  as  we  have  seen,  the  results  of 
treatment  largely  depend  on  the  lemperanicnt.  Some  can  bear  almost 
any  amount  of  electrical  treatment,  others  can  bear  but  a  little,  and 
Others  still  can  bear  uone  at  all  (see  p.  254).  We  have  seen  in  the 
chapter  on  Hysteria  and  allied  .MTccrioos  that  symptoms  for  which 
electricity  is  peculiarly  adapted,  and  over  which  iu  greatest  victories  are 
obtained,  sometimes  refuse  to  yield  and  are  indeed  aggravated  when  any 
form  of  electricity  is  used  hy  any  mode  of  application,  for  the  reason, 
that  the  temperament  of  the  patient  ccnira-indicates  electricity.  Tern-) 
peramenls  that  will  not  bear  elecuicity  at  all  or  but  little  are  quite 
frequently  found,  especially  among  the  better  classes.  In  surgical  dis- 
eases that  arc  treated  by  distinctively  surgical  applications  of  clcctrici* 
ty  the  temperament  need  not  usually  be  taken  into  account,  Eleciro-j 
surgical  operations  are  of  a  thermal  or  chemical  character,  and  aie  not 
dependent  for  their  success  on  the  idiosyncrasy  of  the  patient.  We 
have  seen,  furthermore,  that  the  electro -susceiitibility  of  iiaiients  may. 
appear  either  in  the  form  of  /arado-sitseeptibility  or  galvan^suscepti' 
bility — some  who  caa  bear  and  be  benefited  by  the  faradic  carrent* 
cannot  bear  tlie  galvanic,  and  vice  versa.  Iti  electro-surgical  operationi 
the  possibility  of  these  special  idiosyncrasies  need  not  be  considered. 
It  is  true  that  patients  behave  very  diflferentty  after  electro-surgical 
operations,  that  some  suffer  from  irritative  fover  and  others  do  no^ 
and  these  differences  of  effect  may  very  likely  be  due  to  diiTerencea 
of  electro-susceptibility,  but  such  differences  arc  not  usually  of  suffi- 
ciently serious  impoitaace  to  require  coDsideration. 
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The  definition  and  derivation  of  electrolysis,  as  well  as  ils  general 
laws  and  phenomena,  have  already  been  given  (sec  Elcclro- Physics, 
Chapter  IV.).  Its  physiological  relations  have  also  been  presented  in 
considerable  detail  (see  Electro -Physiology,  p.  91).  It  remains  for 
us  here  to  speak  only  of  ekctrotysis  in  its  sui^cal  relations,  ami  to 
describe  the  rules  and  metliods  of  the  various  operations  in  which  it  has 
been  found  of  service.  Electrolysis  in  surgery  is,  however,  so  closely 
dependent  on  electrolysis  in  physics  and  physiology,  that  no  one  can 
intelligently  utilize  and  explain  it  in  operative  procedures  who  do«s 
not  also  understand  its  physical  and  physiological  relations. 

The  term  electrolysis  is  a  general  one,  and  signifies  dccomposilion 
by  electricity.  As  such  it  applies  to  the  electrical  decomposiiion  of  in- 
organic as  well  as  organic  substances,  and  of  animal  tissues,  whether  ia 
health  or  in  disease,  living  or  dead.  Practically,  however,  Ihc  term  is 
now  pretty  well  restricted,  ip  eleciro-therapeiilical  language,  to  the 
electrical  decomposition  of  morbid  growths,  or  to  parls  affccied  by 
chronic  inflammation,  by  means  of  some  form  of  needle  electrodes,  and 
although  more  or  less  electrolytic  action  takes  place  in  all  applications 
of  the  galvanic  current  externally  or  internally,  yet  the  tenii,  when  ap- 
plied to  any  electrical  operation,  is  understood  to  imply  that  electio- 
lytic  action  was  the  Icadii^  effect  sought  for,  and  that  it  wa*  obtained 
by  needles,  or  at  least  by  some  form  of  metallic  electrode  more  or  leas 
pointed  at  the  extremity. 

On  the  other  hand,  when  electrodes  with  very  large  surface  arc  used, 
with  a  view  to  chemical  effect,  and  the  transfer  of  fluids  with  abaorptioD, 
the  process  is  called  catalytis.  Catalysis  depends  in  part,  at  least,  on 
electrolysis,  and  the  distinction  between  the  terms  which  h-is  b<:cn  ob- 
served by  clectro-therapcutists  is  practical  rather  than  scientific 

Tkfory  a/  EUctretysis  of  Morbid  Living  Tissue. — For  eIcctrol)'sia, 
living  a.s  compared  with  dead  (issue  has  the  twofold  advantage  that  its 
solutions  are  warmer  and  therefore  better  conductors,  and  that  it  is 
»pable  of  the  processes  of  absorption. 
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When  needles  connected  with  the  poles  o(  a  galvanic  batteiy  are 
inserted  into  a  tumor,  a  threefold  action  h  produced. 

I.  Deeomposiiion  of  Us  Jluid  Constituents. — Hydrogen  and  alkalies, 
soda,  potassa,  etc.,  go  to  the  negative,  and  oxygen  and  acids  to  the 
positive.  The  special  character  of  these  electrolytic  phenomena  will 
depend  on  the  character  of  the  tumor,  and  the  rapidity  of  the  action 
will  be  proportioned  to  the  relative  amount  of  its  fluidconstituents.  As 
the  body  is  mostly  composed  of  water  holding  salts  of  potasli,  soda,  etc., 
in  solution,  it  is  a.  good  clectroljte,  and  in  most  of  the  conditions  of  dis 
ea&e  undergoes  rapid  decomposition.  Scirrhus  and  hbroids,  when  hard 
and  &nii,  require  considerable  strength  of  current,  and  are  electrolysed 
with  comparative  slowness.  Ertrclile  tumors,  which  are  almost  entirely 
of  fluid  composition,  can  be  clcctrolyzed  very  rapidly.  Although  elec- 
trolytic action  takes  place  at  both  poles  when  inserted  in  tumors,  as 
when  inserted  in  inorganic  substances,  yel  Ihi^  action  on  llie  whole  a|>- 
pears  to  be  the  luore  vigorous  and  more  effective  for  cauE^ing  absorption 
and  diuntegralion  at  tlie  negative  pole,  and  in  practice  ti;is  pole  u 
usually  found  to  be  the  ntore  efficacious,  although  successful  rotutls  are 
obtained  by  the  positive  pole  or  by  both  combined.  Epithelioma, 
being  largely  composed  of  water,  also  decompose  rapidly. 

Reasoning  from  what  we  know  of  the  electrolysis  of  inorganic  sub- 
stances, it  is  proper  to  assume  that  in  the  electrolysis  of  a  inalignaDt 
tumor,  for  example,  the  many  chemical  substanccti  of  which  it  is  com- 
posed  undergo  manifold  coinhinacions  guA  recombinations,  the  precise 
nature  of  which  cannot  well  be  fully  divined,  and  the  practical  effect 
of  which  in  causing  discussion  of  the  tumor  can  only  be  determined  by 
extended  clinical  experience. 

a.  Abscrpdon. — Absorption  may  be  liastened  both  by  the  chemical 
changes  that  lake  place,  and  also  by  the  mechanically  irritating  eftect 
of  the  needles  and  the  transference  of  the  anions  and  cations.  This 
absorption  Cakes  p1.icc  both  during  and  after  the  treatment.  In  some 
cases  it  is  not  at  all  obsiTved  during  the  operation,  but  goes  on  slowly 
for  weeks  following.  Stimulation  of  absorption  is  especially  marked 
when  elecmcily  acts  on  hydrocele  and  cystic  tumors. 

3.  Disintegration  and  Atrophy, — As  a  result  of  the  deconipositioa 
ind  absorption,  and  associated  with  them,  the  tissues  become  dried, 
separated,  shrivelled,  and  the  tumor  decreases  in  bulk  and  may  entirely 
disappear.  All  these  processes,  or  rather  the  effects  of  these  processes 
maybe  distinctly  observed  during  the  electrolysis  of  any  smalt  wen, 
mole,  nwvus,  or  wart,  both  during  and  after  the  operation.  Shortly' 
ifter  ihe  needle  is  inserted,  the  growth  will  be  seen  to  change  in  color  ; 
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Ihe  stin  sooa  begins  to  s)m%'ei  and  contract,  like  an  apple  when  it  ia 
tuLking.  The  next  day  the  growth  will  be  stili  smaller,  and  perhaps 
DCftrif  or  entirely  obliterated. 

Affiaratus  /*r  Elecirctysis. — Electrolytic  action  is  chiefly  obtained 
by  the  gatvanu  current.,  although  there  is  little  question  that  the  faraclie 
current  (both  the  elL-ctro-magnctic  and  inagncto-clcctric)  has  more  o* 
less  electrolytic  power,  and  the  magneto-electric  current  has  been  uaed 
in  clcctro-plaling. 

The  magneto-electric  rotaiy  machine,  as  constructed  by  Saxton  oc 
Stdhrer,  is  capable  of  producing  electrolysis.*  It  has,  however,  foe 
this  purpose,  in  therapeutics  at  lcx«t,  no  advantage,  and  decided  disad- 
vantages as  compared  with  the  galvanic  current. 

Il  has  been  sfiawn  that  far  the  purpasn  of  gahana-catitery  quanttty 
wilk  moderate  tention  was  required,  and  that  this  was  obtained  by  a 
few  largi  elements  ;  /or  the  purposes  of  electrolysis  tension  with  mod- 
traie  or  fair  quantity  is  required,  such  as  is  obtained  by  a  considerabU 
number  of  elements  0/  medium  site  (see  chapter  on  Ohm|s  Law  in 
Elcctro-PhvBics,  p.  66). 

Any  of  the  galvanic  batteries  described  in  the  chapter  on  apparatus, 
can  be  us*d  for  electrolysis.  The  zinc-carbon  batteries  are  the  beat 
for  the  purposes  of  elcctrolsrsis,  but  with  the  cabinet  battery  and  with 
mo&c  of  the  combinations  and  modifications  of  Dam'ell's  cells,  the  elec- 
trolytic action  is  comparatively  feeble,  and  only  answers  for  trifling  oper- 
ations. Deficiency  in  electrolytic  power  in  a  battery  may  to  a  certain 
extent  be  compensated  by  protracted  applications. 

Methods  of  Testing  the  £/eetrolytic  batteries. — Batteries  may  be  ap- 
proximately tested  with  a  view  ro  ascertaining  their  comparative  advan- 
^tages  for  electrolytic  operation,  by  the  amount  of  deflection  ihey  cause 
to  the  nce<lle  of  the  galvanonielcr  uf  known  construction  (p.  40) ;  by 
the  rapidity  and  amount  of  decomposition  which  they  cause  in  simple 
compounds,  such  as  acidulated  water,  iodide  of  potassium,  or  common 
salt,  and  b>'  their  capacity  (or  heating  platiniun  wire  (p.  71). 

An  approximate  test  for  the  qualities  that  are  needed  in  electrolytic 

^operations  is  found  in  the  decomposition  of  iodide  of  potassium.     The 

rapidity  with  which  this  fields  to  the  current  of  a  battery,  arul  (he 

amount  of  iodine  evolved  in  a  given    time,  very  fairly  indicates   the 

capacity  of  that  battery  for  electrolytic  )]iirposes.f 

*  Ser  Froniniholtrs  ElMtrvtberapie  nilt  bewBderer  RUcktlcht  auf  N«r<r«i-Krutk< 
bdtcn.    P»l,  i$6i.  p.  104. 

f  Id  cxy«riin«nluie  with  ealfsnic  lAiteries  care  mutt  be  taken  to  iv^d  rtequcni  ot 
toRg-contiaucd  cooiMclioa  of  (ha  mfitliH  porllrfu  of  ibc  ckctrodci,  since,  on  icconnl 
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NiteMes. — For  producing  electrolysis  in  tissues  beneath  the  stcio 
fine  needles  of  gold  or  gilded  steel  are  used.  The  advantage  of  the 
gold  is  that  it  resists  oxidation  better  than  any  other  metal.  Gold 
or  gilded  needles  can,  however,  lie  used  only  with  the  negative  pole, 
since  with  the  positive  they  would  be  &cted  on.  The  conductors 
may  be  composed  of  two,  four,  six,  eight,  or  more  needles.  The 
needles  nuy  be  iTisiil»ted  with  hard  rubber,  or  coUudion,  or  tsliellac, 
for  about  one-third  of  their  length,  so  that  when  introduced  into  a 
tumor  the  skin  may  not  be  acted  on  and  inflammation  excited.  In- 
sulation, however,  is  only  necessary  in  those  cases  where,  as  in  sub* 
ciitsmcous  nxvi,  it  is  desirable  that  the  skin  should  not  be  affected 
by  the  cuirenc. 

The  shape  of  the  point  is  oi  considerable  importance.  Round 
needles  arc  introduced  with  dilticulty.  The  bayonet -|>ointed  needles 
arc  preferable.  The  common  glover's  needle,  as  sold  in  the  fancy 
stores,  ve  have  found  to  be  easier  of  introduction  than  any  other 
form. 

Althaus  has  employed  a  eoniiuttor,  a  modification  of  which  is  repre*, 
scnted  in  the  following  cut ; 


Conductor  for  Eltctroljrils. 

This  consists  of  a  conducting  wire,  composed  of  a  number  of  small 
wires  twisted,  with  a  number  of  branches,  each  one  of  which  is  so 
arranged  that  It  can  be  attached  to  a  needle  after  it  has  been  introduced 
into  the  part  to  be  treated. 

The  advantages  of  this  arrangement  are  that  one  needle  or  more 
can  be  used,  and  tliat  the  number  can  at  pleasure  be  increased  oi 
diminished  during  the  operation,  and -that  the  needles  can  be  intro- 

nf  tfie  fecUe  ^l^«iltftnc«  thu«  ofTered — mel»U  beiiig  Tar  IwUer  conrfactort  llian  the  Iw^ 
man  borfy— poweiful  action  t*kw  place  in  the  cfttln  fax  n  liiown  by  the  active  e* 
lion  of  cases,  Attended  wtth  k  boiling  or  hissing  aoiuid),  which.  If  allowvl  to  contfnta^' 
taU  halu  in  auJ  rafUty  umumts  the  tine. 


2VEEDLES  FOR  ELECTROLYSIS. 


665 


duced  In  any  direcdon.  In  the  conductor  which  wc  have  constnicted, 
and  which  is  represented  in  the  cut  (Fig.  i^j),  (he  needles  are  unilcd 
lu  (he  conducting  wires  by  being  inserted  in  miniature  cups  or  cavities 
at  Uie  end  of  the  wires. 


BKyvnci'iMnaieil  Needki  lor  ElecUolyut, 
inniLKal  lad  aoa-iudated  (Uddtr). 


Ruciiwcll'f  Lang  Needit 
f«r  Elcctrolyib  of  Uterm 
ihroiigh  tbi  Vagiu  or  iha 
WaiUof  tbe  Abdomen. 
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Flexible  Cfipper  Wire  for  Cenneettng  ike  Netdht  in  £lef&«iyth 
Opfraiians. — These  rt-cdlcs  are  attached  to  conneciinf;  wirM  by  fine 
llexible  copper  wire.  Wire  of  Ibis  kini),  it  niay  be  remvked,  is  a  mos* 
cunveiitciu  aud  almost  necessary  adjunct  to  an  electrolytic  case,  and  to 
the  operating -rooQi  of  the  electro-therapeutist.     It  is  useful  for  many 


HI 


Needle*  Tor  Electrolysis,  witli  Rock* 
well's  Needle- Uoldm. 


no.  t4t. 

BcwiPs  Long  Cttttlan  NeedlcB  lor 
Eleclroly^of  th«  BaiC 
(Tiemuin  and  G>lTaDo*F&»dic  Mfg.  Co.] 


pHr]H)Bcs  of  connection,  and  when  thuitiV-scrcws  axe  out  of  order  xn 
broken  off  it  verj-  well  supplies  Iheir  place. 

Dr.  Murray,  of  this  city,  has  employed  needles  insulated  at  both 
ends,  leaving  an  uninsulated  portion  in  the  middle.  He  tises  these 
needles  in  the  treatuieot  of  hydrocele  and  cyatic  tuniors.    Tbey  are 
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introdtiud  so  that  the  insulated  portion  is  on  the  skin,  and  the  unin- 
sulated portion  widiin  the  tumor. 

Method  of  latrotiueiag  the  NeeMts. — The  skin  in  some  |>aits  of 
the  body  is  quite  tough,  and  needles  go  in  with  much  greater  diffi- 
cuhy  than  one  miglil  suppose.  The  method  of  introducing;  a  hypo- 
dermic syringe  is  the  best  method  of  introducing  needles  for  electro- 
lysis. The  skin  may  be  pinched  up  and  kept  tense  uriih  the  left 
hand,  while  the  ri^ht  pushes  in  the  needles  the  retjuircd  (U-jith.  If 
it  is  impossible  or  merely  difficult  to  push  the  needles  in  as  Cur  as  is 
needed,  it  is  better  to  let  on  the  cunent,  and  allow  a  little  electro- 
lytic action  to  take  place  around  the  needle.  This  will  loosen  it  at 
the  negative  pole  (though  at  the  positive  it  wiil  have  tha  oppoMte 
effect,  and  bind  it  close  and  finii).  The  negative  needle  thus  loosened 
can  easily  be  puslied  further  in. 

Tlic  pain  attendant  on  the  introduction  of  the  needles  is  of  course, 
best  combated  by  full  an.'e&thcsia  oi  by  ether  spray ;  but  there  are 
many  cases  where  anicsthetics  arc  hardly  requiretl,  where  ether  spray 
cantKJt  be  conveniently  used,  and  where  it  is  desirable  to  diminish  in 
some  way  the  pain.  A  mixture  of  ether  and  carbolic  acid  in  equal  parts, 
first  suggested  to  us  by  Dr.  Sterling,  has  .i  positively  benumbing  effect 
on  tlie  part  to  which  it  is  applied.  The  mixiure  can  be  localized 
to  a  very  stnall  spot,  and  the  benumbing  efTect  begins  to  be  felt  in  less 
than  five  minutes,  and  lasts  for  fifteen  or  twenty  minutes,  varying  widi 
the  amount  used.  It  turns  the  skin  a  little  white.  The  disadvan- 
tage in  its  use  is  that  it  sometimes  makes  3  slight  sore  afierward. 

The  benumbing  inflticncc  of  the  faradic  current  may  be  utilized  for 
this  purpose  (see  Eleclro-Anicsthesia). 

Eteeirotyting  the  Base. —  During  the  past  three  years  wc  have  been 
treating  malignant  tumors  of  various  kinds  by  a  method  of  electiolysis 
which  Dr.  Beard  has  termed  ivvrhing  up  the  base,  or  eiedrelysis  of  tht 
hase. 

The  ordinary  method  of  electrolysis  docs  not  suffice  for  malignant 
tumorsi.  It  will  relieve  tijtf  pain,  but  relief  of  pain  can  be  obtained  by 
simple  external  galvanization  witliout  any  needles.  It  will  cause  a 
certain  reduction  in  size,  but  this  reduction  is  almost  always  limited, 
rarely  exceeding  ten  or  twenty-five  per  cent,  la  some  caitcs,  not  the 
slightest  perceptible  reduction  is  caused,  even  by  the  most  persevering 
use  of  electrolysis.  When  powerful  currents  arc  used,  there  must,  of 
coorse,  result  more  or  less  destruction  of  tissue  near  the  point  where 
the  needles  are  inserted,  and  by  successive  operations  the  entire  growth 
nuy  be  broken  down,  or  may  slough  away  after  the  operations  are  dia- 
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continued,  and  it  is  possible  to  «xteud  the  operations  far  into  the  bmse 
and  surrounding  tissues.  Some  of  our  iirst  cases  were  treated  in  this 
way ;  but  it  is  to  the  last  degree  awkward,  tedious,  and  involves  a  great 
waste  of  time  and  force. 

Mtihod  of  Operating  by  Electrolysis  of  the  Base, — The  i>aUent  must 
first  be  fully  etherized.  The  method  of  operating  on  a  small  tumor  is 
to  6rst  insert  the  needle  connected  with  the  positive  pole  underneath 
the  tumor  and  near  the  border.  A  similar  needle  connected  with  the 
negative  pole  is  inserted  also  underneath  the  tumor,  and,  if  possible,  at 
some  distance  below  the  base  of  the  growth,  so  that  the  point  emerges 
on  the  opposite  side.  The  current  is  now  gradually  let  on,  and  the 
strength  increased  until  the  electrolysis  becomes  active,  as  will  be  in- 
dicated by  the  yellowish  foam  that  appears  at  the  negative  pole,  gradu- 
ally loosening  Ll^e  needle.  As  the  action  increases,  the  negative 
pole  may  be  slowly  worked  from  side  to  side,  with  a  slight  cutting  mo- 
tion, so  as  to  undermine  the  tumor.  'I'be  positive  meanwhile  remains 
in  situ  ;  it  becomes  6ruly  adherent  through  oiddatioii,  and  need  not 
be  removed  until  the  cloK  of  tlie  operation. 


Vnt.  t4>. 

Elecirolyns  of  the  buc  in  %  case  of  fcurbus  of  tlie  bieut  lT|;e  ud  lone  D^a- 
liw  needle  inuiip^iilatwl  by  the  opervtor  va.  the  healthy  lissue,  B»mc  distance  from  llv 
border  of  ibc  tumor.  Connection  nukde  by  otduiat;  porilive  needle  ituerted  dou  Ibe 
buc  of  the  tumor. 


After  the  tumor  falls  off,  through  the  undermining  of  its  base,  the 
base  itself  can  be  worked  up  in  all  directions  with  the  needles,  or 
with  the  harrow  electrode  that  we  have  dcvi&ed  for  this  purpose. 
After  the  removal  of  the  growth,  it  is  well  to  change  the  position  of  ihe 
poles  in  working  up  the  base,  so  that  all  parts  of  the  surface  may 
get  the  benefit  of  the  action  peculiar  to  both  poles. 
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IT  the  tuinoi  is,  a  large  one.  as  211  extepsive  ci>ith«lionia,  or  scirvhus, 
it  is  better  to  have  it  first  rcmovetj  by  the  knife.  The  base  can  then 
be  worked  up  in  (he  manner  Just  described. 

The  cavity  after  the  oiierntion  has  a  charred  appearance  and  alaniis 
the  patient  and  his  friends  unless  tliey  arc  forewarned. 


Tt*.J4J. 

niectn>tyiS«  of  the  hue  of  a  vlrrhtis  of  Che  Iveatt  aflcr  remaval  of  the  tumor  b^  the 
Imife.  HairoHT  electrode  coonectcd  with  the  negative  pole  mad  long  cutting  needle 
witli  the  pontile  pole; 

The  lime  required  in  an  operation  of  this  kind  ranges  between  ten 
minutes  to  a  half  or  tliree-qiiarters  of  an  hour,  Sume  swelling  and 
wdema  in  the  surrounding  tissues  follow  the  operation,  but  little  or  no 
pain,  although  the  charred  appearance  of  the  cavity  that  has  been  thor- 
oughly electroiyzcd  is  sometimes  quite  formidable. 

fnslrumenii  Required. — For  this  method  of  working  tip  the  base  Dr. 
Beard  has  devised  needles,  or  electrodes,  that  are  quite  difTercnt  from 
thoie  employed  in  the  ordinary  method  of  electrolysis.  The  needles 
ire  long,  spear  shaped,  double-edged,  and  tolerably  sharp,  so  tliat  a  slight 
cutting  action  may  be  combined  with  the  purely  eleclrolylic  aclion. 
These  needles  arc  not  insulated,  except  in  that  portion  that  is  grasped 
by  the  hand  in  operating.  In  nearly  all  of  these  operations  we  have 
used  the  zinc-carbon  batteries  of  sixteen  or  thirty-two  ceUe,  and  usually 
those  of  tile  Galvano-Faradic  Manufacturing  Company;  and  when  a 
good  deal  of  work  is  to  be  done  in  a  short  time,  as  in  important  electro- 
lytic operations,  no  batteries  are  better  than  these.  The  various  mod- 
ifications of  Danicll  cells,  which  are  so  excellent  in  central  galvaniza- 
tion, are  not  well  adapted  for  powerful  electrolysis. 

Theory  cf  the  hfethod. — The  most  recent  pathological  invesligationt 
»ecm  to  point  pretty  clearly  to  the  view  that  cancer,  whatever  the  dia- 
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tftesis  may  be,  is  a  local  disease,  and  affects  the  adjacent  parts  and  liM 
general  system  by  actual  transfer  of  Uie  cancer-cells.* 

If  we  accept  tlicsc  views  we  must  also  accept  the  view  that  caneer, 
whatever  (onsttlutional  treatment  wc  aAi>pt,  shoulii  be  treated  laeaUyy 
and  by  seme  method  ef  loeal  treatment  that  acts  not  only  on  the  body  of 
the  turner,  but  also  and  espeeialiy  en  the  surrounding  tissue,  and  that  the 
earlier  such  treatment  is  used  the  better  the  frognosts. 

When  we  remove  the  tumor  and  close  up  the  wound,  we  leave  the 
areola  mostly  untouched,  and  shut  up  the  cancer  cells  in  a  soil  best  of  all 
adapted  to  nourish  them.  Hence  we  need  not  wonder  that  the  disease 
recurs  either  immediately  in  or  near  the  place  of  reniovalt  or  that  the 
cell.')  wander  to  some  distant  i>art  where  another  ittinor  appears  after 
monLhs  or  years. 

The  morbid  or  semi-moibid  tissues  that  surround  malignant  tumors 
have  been  treated  in  various  ways  by  caustics,  in  substance,  by  caustic 
needles,  and  by  the  actual  and  galvano-cautcry.  So  far  as  we  can  learn 
from  the  experience  of  siu-geons  who  have  fairhfully  tried  any  one  or  all 
of  these  methods,  the  results  arc  marc  satisfactory  than  the  results  of 
ordinary  treatnaent  by  the  knife  or  ligature. 

The  theoretical  arguments  that  electrolysis  of  the  base  would  pro- 
duce more  radical  results  than  llie  use  of  caustics  are  based  necessarily 
on  our  ideas  of  the  nature  of  the  electric  force  and  of  the  process  o<" 
electrolysis.  When  electrodes  connected  with  the  two  poles  of  a  gal- 
vanic battery  arc  inserted  into  rhc  animal  tissue,  the  vibrations  of  the 
electric  force  not  only  pass  between  the  electrodes,  but  extend  to  a 
considerable  distance  in  all  directions  front  them,  and  much  further 
than  the  direct  effect  of  caustics  would  reach. 

Advantages  of  the  Method.— i.  Less  liability  to  recurrence  of  malig- 
nant tumors. 

Wc  have  kept  close  watch  of  a  majority  of  the  cases  that  have  been 
treated  in  this  way  during  the  past  thive  years.  In  die  list  of  casc^  are 
found  several  epithelioma  of  the  lips  and  face,  and  one  case  of  malignant 
cystic  of  the  neck.  But  one  of  the  cases  of  epithelioma  of  the  lips  and 
face  has  yet  recurred  ;  although  the  time  that  has  elapsed  since  the 
treatment  varies  all  the  way  between  three  years  and  four  months. 
The  case  of  malignant  cystic  has  not  yet  recurred     It  is  yet  too  earl] 

*  See  "  A  Lecture  on  the  Structure  of  Ciuicerous  Tuaiore,  and  ihe  Mod«  in  which 
Adjacent  Puts  are  invaded,"  by  Dr.  Woodwanl,  AssUt«nC  SuTic«on,  U.S..^.  Th« 
Toner  Lectnrci  of  iho  SmitHsonian  tntiitutc,  Waihinpon,  November,  1S73.  Sm 
■1m  (he  recent  and  admirable  diKUuton  on  the  Hihjeci  by  Drs.  Dc  Morgan,  Hutd^ 
ton,  Paget,  nntl  otherii,  in  Ihe  LtiHtrt  for  Mxrch  and  April,  1874. 
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to  arrange  any  slatisiics  on  this  subject,  for,  as  every  surgeon  knows, 
some  cases  of  epitlielioma  &ic  permanently  cured  by  the  knife,  ajid  theii 
prognosis  under  ordinary  surgical  treatment  is  better  than  that  of  scir- 
thus  of  the  breast,  or  indeed  scirrhus  anywhere. 

Some  hopeless  cases — notably  a  case  of  scirrhiis  of  the  rectum,  and 
epithelioma  of  the  vagina — wc  have  treated  by  this  method  in  order  to 
palliate  the  symptoms  and  prolong  life,  and  with  the  most  interesting  and 
remarkable  results.  Indeed,  we  have  been  as  much  encouraged  by  the 
palliative  effects  obtained  in  the»e  liupcless  forms  of  malignant  diseaK 
as  by  the  apparently  radical  cures  of  milder  cases. 

It  follows,  from  the  theoretical  considerations  above  given,  and  ex- 
perience confirms  this  view,  that  the  results  of  this  method  of  working 
up  the  base  will  depend  entirely  on  the  thoroughness  with  which  the  op- 
eration is  performed.  If  the  base  be  but  half  electrolysed,  if  patches 
of  morbid  tissue  be  allowed  to  remain,  then  there  will  be  a  recurrence, 
in  all  probability,  just  as  after  other  modes  of  operating. 

3.  Less  hemorrhage  than  other  methods  of  operating.  The  reason 
for  this  has  already  been  explained — electrolysis  coagulates  the  blood, 
constricts  the  tissues,  and  slightly  cauterizes  them.  Ordinary  paren- 
chymiatoiis  hemorrhage  is  thus  controlled  in  the  most  satisfactory  man- 
ner, so  that  if  a  strong  current  is  used,  neither  sponges  nor  stnitics  are 
required. 

3.  Less  liability  to  shock.  We  form  this  judgment  from  protracted 
operations  made  on  patients  in  various  stages  of  debility,  and  in  the 
extremes  of  Life,  infancy  and  old  age.  We  have  not  yet  seen  any 
effect  at  all  suggestive  of  shock,  after  very  long  sittings  under  strong 
currents,  even  where  sensitive  localities  were  operated  on.  The 
electric  current  would  indeed  appear  to  be  one  of  the  very  best  a«/i- 
deies  10  shock,  and  for  a  long  time  it  has  been  known  and  used  as  a 
means  of  resuscitation. 

4.  It  is  followed  by  a  more  satisfactory  healing  than  other  operations. 
This  fact  has  been  observed  markedly  in  several  severe  and  hopeless 
cases,  and  has  attracted  the  attention  of  all  the  surgeons  who  have 
seen  the  cases. 

5.  There  is  reason  for  the  belief  that  the  future  will  show  that  septi- 
caemia and  pyiemia  are  less  likely  to  follow  electrolysis  than  other  surgi- 
cal operations.  It  is  more  than  probable  that  e lee troly ration,  like 
cauterization,  constringcs  the  absorbents  so  that  they  cannot  absorb 
pus. 

6.  To  all  these  facts  must  be  added  the  consideration  that  many 
patients  dread  the  knife — without  reason  it  may  be,  and  without  com- 
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mon-srnse ;  but  patients  are  not  expected  to  exercise  reasoo  or  com- 
luon-seosc — and  such  pcnons  ore  willing  to  submit  lo  electricity,  bow- 
cvcf  employed. 

The  advantages  of  working  up  the  base  by  electrolysis,  as  compared 
with  working  up  the  base  by  caustic,  the  actual  cauteir,  or  the  galvano- 
cautery,  are  worthy  of  study. 

Diiadvanta^es  of  the  Method. — i.  It  requires  apparatus  more  or 
less  bulky,  aad  tbcy  require  more  or  less  experience  in  their  tnanage- 
meut. 

3.  £lectrot)'tic  operations  frequently  require  more  time  than  o^a^f 
lions  with  the  kuifc  or  ligature,  and  in  some  cases  the  operation  must 
be  repeated. 

If  electroly^  produced  shock,  this  element  of  time  might,  perhaps, 
be  a  serious  one  ;  but,  ina&tnuch  as  it  appears  to  act  as  an  antidote  to 
shock,  and  as  tlie  stimulus  of  the  current  allows  us  to  prolong  anxsthe- 
lia  with  safct)',  and,  as  in  many  of  the  cases  where  electrolysis  ia  used, 
trc-atment  by  knife  or  ligature  is  contraindicated,  Ibis  objection  need 
not  deter  us  fxom  resorting  to  it 

3.  The  irritative  fever  thai  follows  powerful  and  prolonged  electro- 
lytic operations  is  sometimes  severe.  The  parts  around  the  tumor 
opeialud  on  become  more  or  less  swollen,  but  are  not  usually  painful, 
and  this  swelling  also  soon  subsides. 

It  is  proper  to  state  that  the  ordinary  method  of  eIecttol>-8is,  if 
thoroughly  used  and  repeated  a  sufficient  number  of  times,  may  run  into 
this  method  of  working  up  the  base,  and  in  epithelioma,  at  least,  may 
accomplish  gooil  results.  The  body  of  the  tumor  may  be  gradually 
broken  and  destroyed  ;  and  then,  in  successive  operations,  the  needles 
may  be  made  to  work  up  tiie  base  and  surrounding  tissue.  Groh,*  of 
Vienna,  has  used  this  method  with  success  in  quite  a  number  of  cases 
of  epithelioma,  as  well  as  of  sarcomatous  growths.  We  have  used  the 
same  method  in  epithelioma,  and  with  success.  The  method  has, 
however,  the  sufficiendy  serious  objection  that  it  first  wastes  the  titne 
and  strength  of  the  patient  on  unnecessary  treatment  of  the  tumor,  and 
is  only  succeesfut  in  proportion  as  it  falls  back  on  the  method  of  work- 
ing  up  the  base  and  surrounding  tissue. 

*  Die  Bteetr»tytit  in  dtr  Chirwgir,  Vienna,  1871.     Groh  has  alto  treated  9ue<»> 

mUoiM  growths  by  very  prolonged  elecltolyus,  wUh  miUI  currents  This  method 
lecns  10  bav«  greater  incoBv«iicacg»  without  any  oompciualine  advaniagefc 
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Gahana-Cautery, — Gatvarto-eautery  is  cauterisation  by  a  resisting 
wire  healed  by  the  galvanic  current.  It  is  ver^-  often  conrounded  with 
electrolysis,  but  u  we  have  seen  electrolj'iib  is  ihu  ilecoiupofciiiun  of  a 
coraijonnd  substance  by  means  of  electricity.  A  slight  cauterizing  ac- 
tion may  indeed  accompany  electrolytic  operations,  but  it  ia  incidental 
merely,  and  is  not  a  part  of  the  electrolysis,  nor  the  end  desired. 

It  is  A  law  of  electricity  that  when  It  passes  through  a  resisting  wire 
it  ruses  its  tem|ieratnre  in  (iroponion  to  the  resistance  of  the  wire  and 
the  quantity  of  the  electricity  (see  tJecto-Physics,  p.  So).  The  wire 
thus  heated  is  capable  of  producing  cauterising  effects.  Platinum  offers 
a  greater  resistance  to  the  passage  of  the  electric  current  than  any 
Other  metal  except  mercury  and  lead,  and  is  therefore  used  in  galvano- 
cauiery.  It  will  be  seen  at  once  that  the  electricity  is  not  applied  to 
the  body,  as  in  the  various  forms  of  eleciriiation,  but  only  the  wire 
heated  by  the  passage  of  the  current. 

Advantage  of  Gatvano-Cautery  »vtr  the  Actual  Cautery. — ^Tlie  one 
great  advantage  of  the  galvano- cautery  over  the  actual  cautery  is,  of 
course,  the  fact  that  the  heat  in  the  wire  connected  with  the  liattery 
can  be  cnritrallcd  at  will.  It  Can  be  let  off  and  on,  increased  or  dimin- 
ished at  pleasure  and  instantaneously.  With  the  actual  cautery  such 
control  U  manifestly  impossible. 

Heat  is  heat,  however  obtained ;  and  the  heat  of  a  platinuni  wire 
through  which  a  current  is  passing  has  pcobably  no  advantage  as  such 
over  the  heat  of  a  poker  that  has  been  thrust  into  the  coals.  The 
advantage  lies  simply  in  the  fact  that  in  tlic  one  case  the  heat  is  under 
the  complete  control  of  the  operator  during  a  long  operation  tf  neccs* 
sary;  in  the  other  case  it  is  not  under  such  control. 

Apparatus  for  GalranoCautery. — Galvano-cautcry  operations  re- 
i|uirc  batteries  composed  of  a  few  large  cells.  Rarely  are  more  than 
eight  cclU  U5cd,  and  the  best  batteries  can  be  turned  into  one  or  two 
43 
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cells.  The  battenes  employed  in  electrolyus  or  in  ordinary  galvanize 
tion  are  not  available  for  galvaiio-cautery — 'vic€  versa,  galvaoo-cauiery 
batteries  arc  of  but  little  use  in  electrolytic  operations  or  in  ordinary 
galvanization.  The  explanation  is  to  be  found  in  the  chapter  op 
Ohm's  Law  (see  Electro- Physics,  pp.  77-95). 

There  has  been  great  practical  difficttlty  in  obtaining  galvano-cautery 
batteries  that  would  be  at  oucc  sufficiently  powerful  and  coavcnientty 
portable.     The  original  battery  of  MiddcldorplI  was  extremely  beavjr. 
and  in  every  way  inconvenient,  though,  like  all  combinations  of  Grove** 
cells,  it  uras  very  powerful. 

During  the  past  decade,  and  notably  during  the  past  five  years,  the 
progress  in  the  direction  of  portability  and  convenience  of  galvano- 


Fm.  1*4. 
Byrne's  Multiple  Etemcnt  Buteiy  (Shepard  ft  Dudley). 

cautery  balteries  has  been  rapid  and  decided  In  this  department  no 
one  has  labored  harder  01  more  successfully  than  Dr.  John  Byrne,  of 
nrooklj'n,  N.  Y.     Alter  long  and  tedious  experimenting,  he  has  coca- 
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pleted  a  galvano-cautery  bntlery  that  is  as  jionable  and  easy  to  manage 
as  any  galvanic  battery  for  electrolysis  or  ordinary  gaLvanizaiton. 

Hatteries  ihal  are  nun-portable,  or  at  least  not  easily  so,  arc  also 
made  by  all  tlie  companies  that  manufactuie  elecUical  iiistruiiienls. 
Some  of  them  that  wc  sliall  describe  aje  most  excellcHl.  Those  who 
make  a  large  use  of  galvano-cauiery  will  probably  require  two  kinds  of 
batteries— ijortablc  and  siationary— just  as  they  reijuirc  t>orUblc  aad 
stationary  faradic  and  galvanic  apparatus. 


K:..  .„ 


fill,  tit,. 


Fig.  I4S  represents  the  PiflFard  galvano-caiitery  battery,  and  i«  not 
only  reasonably  compact,  but  exceedintily  efficient.  The  box  oontaing 
six  cells  of  vulcanite  and  a  plalforni  of  hard  rubber,  to  which  are  fas- 
tened the  zinc  and  platinum  plates.  On  the  top  of  the  platform  arc 
seven  conducting  posts,  six  connecting  screws,  and  a  handle  (used  in 
connection  with  the  long  arm)  for  holding  the  eremcnis  when  not  in 
use  and  by  which  they  are  lowered  into,  or  taken  from  the  cells.  For 
the  purpose  of  a^tating  the  fluid  and  increasing  the  cauter>'  power, 
there  are  pivots  on  each  side  of  the  platfonn,  by  means  of  which  the 
elements  are  readily  moved  with  a  rocking  motion.  The  box  enclosing 
the  cells  is  9  inches  long.  64-  inches  wide,  and  to  inches  high. 

One  of  the  most  successful  attempts  to  combine  a  suitable  degree  of 
strength  with  compactness  and  lightness  has,  perhaps,  been  made  by 
Kidder  in  the  battery  represented  by  Fig.  146.  It  is  com|>osed  of  but 
two  hard  rubber  cells,  with  elements  of  line  and  carbon — each  cell 
measuring  3^  inches  in  length,  3^  inches  in  width,  and  will  retain  a 
number  19  platinum  wire  at  a  white  heat  for  more  than  a  quarter  of  an 
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hour.  The  elements  are  luade  to  move  ou  small  wheels  homontally, 
ia  their  relation  to  the  Quid  in  the  cells.  This  is  a  great  impioveiucT 
on  the  old  method  of  blowing;  witli  an  air-bulb  for  tlie  purpose  of  pro- 
ducing agitation  of  the  fluid,  and  consequent  increase  of  current 
strength,  and  seenis  to  us  to  more  thoroughly  displace  the  ballety 
fluid  than  any  other  ntcthod.  For  very  prolonged  operations  this  tittle' 
battery  is  hardly  sufTicicnt,  and  should  be  replaced  by  the  larger  formf4 
consisting  of  four  cells. 

Byrn^ s  Multiple  EUmtnt  Galvano-Cauiery  Battery. — Byme'i  com- 
bination of  zinc-caibon  elements  is  the  most  comjiact  and  portable  bat- 
tery for  galvano-cautcry  purposes  yet  consinirtcd,  and  for  its  size  haSL. 
greater  heating  power  than  any  other.     This  batter)%  in  its  latest  modi- ' 
fication,  consists  of  2inc-carbon  cells,  in  a  case  six   inches  long,  nine 
incites  high,  and  five  inches  wide.     'Hie  plates  of  each  cell  are  split  up- 
into  a  number  of  smaller  platen,  all  of  which  arc  contained  in  one  jWi 
of  fluid,  and  are  connected  at  the  top.     By  this  arrangement  more  sur- 
face both  of  the  zinc  and  of  the  carbon  is  exposed  to  the  fluid  than 
when  the  plates  arc  not  so  5ubdi%'idcd.     Besides  this  arrangement  gives 
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Ztae-Cwhon  Cnlviuro-Cauicry  Buttery  (G»l»«no.F«rnd«:  M^  Co.). 
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many  comers  and  angles  on  vhich  the  exciting  fluid  acts  with  greatei 
vigor  tlun  on  smooth  surfaces. 

The  plates  are  very  near  to  each  other,  from  Vr  '^  iV  ^''  ^'^  inch,  so 
rhat  the  interns]  resistance  of  the  batter)*  is  comparatively  small. 

The  arrangement  is  budi  that  unc  ur  two  cells  can  be  ui^d  as  may 
be  required.  The  heating  jxiwei  of  this  small,  light  battery,  is  quite 
remarkable,  and  is  indeed  sufficient  wbcu  well  nurtured  for  a  very  large 
number  of  electro-surgical  opcralionii. 

Dr.  liymc*  say»  that  he  has  found  by  experiment  that  greater  heat 
may  be  obtained  from  i3o  inches  of  surface  in  tlic  muiti|>le  element 
jTorm  (three  inches  by  five)  than  ftoai  J7S  inches  of  surface  with  clfr- 


1  m.  'tZ. 
G«lviino.Cat]teT)r  Batlery  w)ll)  han<I1e  uid  wire-loop  (Mkyvf  &  Mdtier.  London). 

menis  four  times  the  si/e.  \Vhilc  the  battery  tnade  of  large  element* 
would  bring  five  inches  of  platinum  wire  to  a  red  heat,  the  mnliip!* 
eleincm  battery  would  raise  the  same  wire  10  a  burning  white  heaL 

*  Electro-Cautery  in  t'tcrUie  Surgery,  p>  67. 
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Fio.  149.        Fig.  150, 

BUKNitt  AHo  CuTTtNo-LooFs  ro8  Galvano-Cautbhv  (llKays). 
Flo.  149. — Handle  for  Burnet,  with  knob  antl  spring  for  inttrrnpUac 

or  conitetting  the  current. 
t'ic.  1501. — Handle  and  Cutling'loop.  FifiS.  t5X~lS7- 

Via.  151,— tlatidlo  far  Cutling-loop  where  only  one  haoii  La  nt  libcttjr ;  llic  otber 

hand  may  be  employed  in  hoUing  tome  other  inttnunent,  u  tbe  U17D- 

geal  or  KunU  mirror. 
Fig.  15a. — Burlier*  of  various  (hapei. 
Fie.  153. — Burner  for  Urynx. 
Fta.  l54,~Cuuiiig-I<>Qp  fjr  Larynx, 
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Care  ef  Gaitune-Cautery  BatUrUs. —  In  order  to  atuin  the  nuxiiiiuni 
of  power  from  galvanO'Cautcry  batteries,  and  to  kec|)  them  in  gixid 
working  order,  much  luoie  care  is  necessary  ibaa  in  Ibe  use  of  ordinary 
batteries  for  galvanization. 

The  reasons  for  this  arc  Iwofotd  : 

t.  71ie  chemical  action  is  very  vigorous  because  the  solutions  are 
strong  and  the  circuit  is  luetaltic  (hroug^ouL  Jn  ordinary  exteiual 
galvanization  or  in  electrolysis  the  resistance  of  the  body  inlerpo&ed 
in  tlie  circuit  is  so  great  that  only  a  small  quantity  of  electricity  can 
be  evolved  {»ce  chapter  on  Ohm's  I^w) ;  bcnce  the  zinc  is  not  so 
rapidly  consumed. 

2.  The  galvano'cauteiy  baileries — especially  the  portable  varietiea— 
have  comparatively  little  reserve  power.  If  the  solution  hccomcs  old 
or  the  plates  become  corroded  badly,  the  heat  generated  may  be  too 
feeble  for  important  operations. 

It  is  therefore  necessary  to  frequently  renew  the  solution  entirely, 
and  not  in  part,  as  is  so  often  done  with  ordinary  galvanic  batteries. 
With  the  portable  linc-carbon  batteries  it  is  a  great  advantage  to  thor- 
oughly soak  the  carbons  in  tepid  water  after  each  operation. 

A  practical  point  of  much  importance  is  that  when  the  ainc  plates 
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K>c.  IT«.      Ktc.  17V   Pl«.t7<>     KlG.  «;7-    Fw.  irS.    Vto.  ij^ 

Varioos  focmt  of  Iiandlcs  wh^loop^  otutcmen,  and  ki  (ortli,  for  salvano-'OUtcrT 

apetatioiu  (Sfacpord  &  Dodley.  CaJvuio-Fvaclic  Mfj^  Co.,  and  Kidder). 


FM.  111. 

G«lvaBO<&uler/  operating  cue  (Galrtno- Farad ic  Mfg.  Co.). 

become  much  worn,  and  the  distance  between  the  carbon  plates  is 
correspondingly  increased,  the  interna]  resistance  of  Ihe  bal'.eries  is 
greater  and  tKc  povrcr  is  diminished. 

Aecompattying  Instruments. — In  Ihe  operation  of  galvano-cantery  a 
targe  number  of  bnmers,  loop?,  and  handles  is  used.  These  arc  of  every 
variety  and  can  be  adapted  by  the  operator  to  the  tieeds  of  any  spe- 
cial case. 
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Uses  of  the  Gahanc-Cautery. — The  special  |mriK)scs  for  which 
galvano-cautery  has  been  recoumieocled  and  employed  are  ihc  follow- 
ing:— 

T.  Removal  of  tumors  of  various  kintls,  in  parts  that  are  not  readllf 
accessible  to  the  otdinary  methods  of  extirpation — pcdiculatcj  lurwors 
of  the  larynx,  polypi  of  the  larynx,  naso  pharyngeal  space,  external 
auditory  canal,  vagina,  rectum,  and  utcnis.  Malignant  ttiniors  in  any 
accessible  position  may  be  removed  by  galvano-cautery  in  order  to 
avoid  hcmurrhage. 

2.  Amputation  of  diseased  organs  or  ports  of  organs,  like  the  neck 
of  the  uterus,  the  tongue,  etc..  as  &  imlliatlve. 

3.  Caulcri/,alion  of  ulcers. 

4.  Cauterization  of  chronic  InHatnniations  of  mucous  roeinbraQe,  to 
the  urethra,  nasal  duct,  conjunctiva,  etc. 

5.  Cautemation  oC  cancerous  tumors  to  stop  the  hemorrhage. 

6.  Cauterization  of  the  base  and  tissue  surrounding  malignoiil  tumors 
that  have  been  previously  removed  by  the  knife  or  ligature. 

7.  Cauterization  of  erectile  tumors  so  as  to  cause  coagulation,  ab- 
sorption, and  in  some  cases  sloughing. 

ft.  Treatment  of  tistuL-c,  by  caulerizing  the  fistula  alone,  or  by  cau- 
terizing surrounding  parts,  or  by  cauterizing  both  the  0[)emng  and  ilie 
parts  surrounding,  or  by  opening  the  tistula. 

9.  Trcalmenl  of  neunilgi.»  by  cauterizing  and  killing  the  nerve. 

10.  Treatment  of  prolapsus  uteri  by  cauterizing  willi  the  burners  ilie 
raginal  walls,  and  thus  causing  infliunmalioD,  suppuration,  and  cicatricial 
contraction. 

Advantages ef  the  Galvano-Cautery. — The  advantages  of  the  galvano- 
cautery  over  the  actxial  and  iwtcntial  cautery  and  the  ordinary  opera- 
tions by  cutting  instruments,  are  these : — 

I.  It  can  be  used  on  ports  tliat  arc  not  easily  accessible  to  ordinary 
fatttnimcDts. 

3.  It  saves  all  or  nearly  all  hemorrhage. 

3.  It  combines  the  aftcr-cauteri/ing  efTect  with  the  other  results  of 
the  operation,  as  is  someiimes  desirable. 

4.  It  is  raore  sure  in  its  action,  and  can  be  mure  accurately  localized, 
especially  in  cavities,  than  the  ordinary  methods  orciiitcricaiion. 

5.  It  is  but  little  painful  after  the  operation,  and  is  rarely  ox  aevct 
dangerous. 

6.  It  is  followed,  like  etectroh'sis,  by  a  more  satisfactory  healing  than 
by  the  knife  or  ligature,  and  as  after  electrolysis  there  is  less  liability  to 
pyamia. 
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The  one  disadvantage  of  the  galvsno-csutery  is  the  dUBctihy 
managing  the  necessary  apparatus. 

This  difficulty  is  now  diminishing ;  the  advances  thai  have  rccenil) 
been  made  in  this  deparimeiii  will  bring  (he  galvano-cauiery  within  the 
reach  of  all  who  are  willing  to  devote  the  amount  of  attentioa  which 
a  new  dtrpartnieiit  must  at  first  demand. 

There  is  reason  to  believe  that  in  the  future,  with  accessible  and 
compact  appliances,  the  usft  of  the  galvano-cautery  will  be  greatly  ex- 
tended. No  ont  (an  expect  to  succeed  with  the  gahfanoeaulay  whd  it 
not  fa  s^me  degree  a  master  of  electro-physics. 

Rules  for  the  Use  of  the  Gaivano- Cautery. — i.  For  all  large  and  im- 
portant operations  fresh  fluid  should  be  used  in  suffiucDt  quantity,  and 
the  battery  should  be  in  all  respects  clean  and  in  good  order. 

In  the  use  of  the  galvanic  current  for  ordinary  galvanization,  fluid 
needs  entire  renewal  hiit  rarely,  and  if  an  waporation  or  waste  reduce 
the  strength,  simply  pouring  in  new  fluid  into  the  old,  or  pouring  in 
water  alone  will  answer  to  bring  up  the  battery  power  to  the  necessary 
standard. 

2.  Before  beginning  the  o|>eration,  the  apparatus  should  be  in  thor- 
ough preparation.  Our  battery  should  be  tested,  and  the  handles  and 
wires  or  knives  should  be  carefully  overhauled,  so  that  there  niay  be 
no  chances  of  bad  connection  or  bad  working  of  the  screws,  wheels,  or 
other  appliances. 

3.  In  all  operations  of  importance  it  is  almost  indispensable  to  have 
an  assistant,  whose  exclusive  ditty  it  shall  be  to  inunersc  and  take  out 
the  elements  as  may  be  required  during  the  various  steps  of  the  opera- 
lion,  or  to  use  ttie  bellows  ur  air-btilb  to  increa^  the  strength  of  the 
current.  The  operator  will  have  all  he  can  do  to  control  the  instru* 
ments  in  his  hands. 

4.  The  strength  of  the  current  employed  En  the  operation  should  be 
carefully  adapted  to  the  size  and  leogth  of  the  wire*loop  or  knife  that 
is  u&ed  in  the  operation.  If  too  great  a  quantity  of  electricity  is  used 
for  the  size  and  length  of  the  wire  loop,  the  wire  may  break  before  or 
during  the  operation — very  likely  very  near  the  close  of  the  operation, 
to  the  annoyance  of  the  operator.  If  too  little  quantity  of  electricity 
is  used,  the  loop  or  knife  will  not  be  suOiciencly  heated,  and  will  not 
bum  through  the  tissues,  or  if  the  tissues  are  divided,  hciutnrha^ 
may  occur. 

.\s  the  loop  grows  smaller  near  the  end  of  an  operation,  the  quantity 
of  electricity  siiould  be  diminished  by  raising  the  elements  somewhat 
in  the  solution,  so  that  less  surface  may  be  exposed  (Byrne). 


I 

* 

I 


RULES  KOR   USE  OF  GALVANO-CAUTERV. 


683 


Accurate  judgment  in  this  regard  can  only  come  from  careful  anil 
repeated  prcliniiniry  experimentation,  and  from  entire  fAiniliarity  witU 
(lie  battery  employed. 

5.  In  the  case  of  malignant  gromhs  of  all  kinds,  the  healed  wire, 
loop  or  knife  should  ga  sufficiently  far  beneath  or  around  the  growth 
as  to  include  healthy  tissue.  In  amputation  of  the  cervix,  for  example, 
the  wire  should  be  placed  above  the  ulcerated  or  indurated  paxi  so  m 
to  remove  the  eutiro  cervix,  and  very  much  more  if  the  disease  extends 
far  into  the  body  of  the  utenis. 

In  some  cases  this  would  be  impracticable,  and  then  it  is  necessary 
to  abandon  all  hooves  of  radical  or  {lermancnt  relief,  and  content  otir* 
selves  with  palliation  merely. 

6.  In  cases  where  the  wire-loop  is  used,  the  traction  on  it  by  the 
wheel  or  other  contrivance  should  be  very  gradual,  and  by  intervals,  so 
that  the  surfaces  of  the  parts  ex|)0sed  may  be  thoroughly  cauterized. 
The  temptation  is  to  make  the  oi>eralion  brilliant  and  brief,  by  rapidly 
conlracliiig  the  loop.  Those  operators  who  yield  to  thi.'i  temptation 
may  be  annoyed  by  immediate  or  secondary  hemorrhage. 

7.  When  the  shape  and  position  of  a  part  to  be  excised  are  stich 
that  a  loop  cannot  be  adjusted,  a  groove  should  first  be  burned  around 
the  part  by  the  galvano-tautery  knife  (Byrne). 

8.  The  wire-loop  or  knife  should  be  accurately  adjusted,  and  be  per- 
fectly in  position  before  the  connection  is  made  and  the  current  lei 
on. 

9.  The  loop  should  not  be  contracted  until  it  has  passed  into  the 
submucous  tissues,  and  when  passing  through  superficial  or  cellular  tis- 
sue, the  wire  should  not  be  brouglit  to  a  white  heat  (Dyme). 

la  In  protracted  operations,  where  delay  is  necessary  between  the 
different  stages,  the  elements  should  be  raised  out  of  the  solution  wlich 
the  current  is  not  needed,  so  as  to  rest  the  battery  and  economize  its 
force. 

Ai/afila/ion  of  GalvamCauttry  to  various  DepartmtnU.—Xn  the 
adaptation  of  galvano-cautery  to  any  of  the  special  departments,  one 
needs  to  be  guided  by  tlic  general  principles  already  laid  down.  The 
efficient  contrivances  and  modifications  of  apparatus,  ami  of  modes  of 
operating,  will  depend  on  the  skill  and  experience  of  the  surgeon.* 

I>r.  Byrne  presents  the  following  risumk  of  his  operations  with  the 
galvano-cautery,  up  to  December  i,  1872  : 

*  On  the  specttldcpartmeot  of  tlie  a<U[>tation  of  the  gcilvano-cautery  lo  g]nuecolog]', 
u  well  u  for  nluAhk  wjfgesiiotu  in  rc^vd  to  galvnnuH^&utery  bi  goierai,  w«  naj 
refer  to  Dr.  Bytne'f  work  on  Ibe  Elcccro-Cautcr;  b  Utcriu  SBrgery. 


GALVANO'CAUTERY, 

"ig  cases  of  epithdioiuii,  including  cauliflovrer  cancer. 
1 1      *'         eiicephaloid,  oi  medullary  cincer. 

13      "         catarrhal,    inflajiimatory,  and  ulcerative  iffecdona  (*f  *« 
cervical  canal  of  uterus. 
5      *'        amputation  of  cervix  (non-maHgnant)b 
4      '*        fibrous  and  fibro-ccliular  polypi 
4      "        sessile  filiroid  tumors. 

2  '*        deep  ulceration  of  os  and  cervix. 

I  *'  intra-iiterine  vcgetaltyn  (noU'Dtalignant). 

a  "  vascular  tumors  of  urethra. 

4  "  granular  urethritis- 

3  "  hemorrhoids. 
I  "  perineo-vaginaJ  fislulx 
I  "  lipoma  of  scalp. 
I  **  lipoma  of  clieetc. 
I  **  lipoma  of  ear. 

7» 

Of  *thc  thirty  cases  of  malignant  diseaie, 
17  were  of  the  uterus  alone. 
7    "        "     uterus  and  v.iginx 
3     "        "      perinxum  and  vagina. 
I  was  of  the  IcR  labium. 
I  •"         **      clitoris. 
I     "         "      breast.         • 
Among  (lie  nineteen  cases  of  epithelioma, 
7  were  indurated  orulcerated  only,  and 
13  were  of  live  vegetating  or  caulitlon-er  character.     Of  the  latter, 
7      "      "      cervix  uteri  alone. 
3      "      "       perinacum  and  vagina. 
I  w.is  restricted  to  the  left  labium. 
I  of  the  clitoris." 

Dr.  Thomas  Bryant,  of  London,  has  recently  published  the  results 
of  a  large  variety  of  experiiuenis  with  this  form  of  "  blooiMcss  sur- 
gery." 

The  cases  of  amputation  of  the  cervix  ulcri  with  the  galvano<autcry 
that  have  been  attempted  by  the  siitgcons  of  the  Woman's  Hospital, 
wth  the  assistance  of  Dr.  Rockwell,  have  proved  entirely  satisfactory. 
In  these  cases,  if  the  platinum  wire  be  of  sufiicient  size,  at>d  the  cuttii^ 
be  done  slowly,  not  a  drop  of  blood  need  be  lost. 
The  galvano-cautery  has  been  used  by  ophtlialmologi^ts  for  the  cai^ 
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teriiAlion  of  {jrantibr  lids  ^^^  inttanimalions  and  abscesses  or  the  lachry- 
ma!  ducts.  By  aurists  it  has  been  used  for  the  rcnio^-al  of  polji)!  and 
other  tumors  from  the  external  auditory  canal.  By  laryngologisis  it  has 
been  used  for  the  removal  of  iiasal  and  naso- pharyngeal  polyiii,  for  the 
cauterization  of  granular  inflaniinations,  for  the  cauterization  and  removal 
of  various  larymjeal  growths,  and  for  tracheotomy.  One  of  the  most 
successful  workers  in  this  branch  is  VeltolinL* 

In  the  rectum  the  galvano-cautery  has  Taeen  recently  utillMd  foe  oper- 
ation on  6^tulx  and  fur  the  remuval  of  piles.  Ily  gcnirra]  surgeons  it 
has  been  used  for  amputation,  and  for  the  treaiiuent  of  epithelioma  and 
other  matigDant  growCliH. 

The  following  operation  by  the  galvano-caulcry  is  a  good  illustration 
of  its  valu".'  and  efficiency  ; 


Case  CXCVIl.— We  were  requested  by  Prof.  James  R.  Wood  lo  «ee  with  liim  a 
patimt  frtim  whom  he  had  some  time  l>ef(>re  removed  a  ouiccr  of  the  lip.  The  raaa 
WW  now  Hideiing  from  a  larger  gruwth  of  a  malignant  character,  situated  on  the 
rifht  ndc  of  the  neck,  omt  fliltiercm  xpparenlly  lo  ihe  hyoid  bone.  The  tumor  wai 
»c>  txcteditgly  vascoiar  ihat  it  was  thuuglic  not  cKpedienl.  by  Dr.  Wood,  to  hk  the 
kniie,  and  lie  thcrefme  tMcrmineJ  to  ity  Iho  galvauo-caulery.  Ttie  patient  hanng 
been  cthoriMxl  by  Dr.  J.  W.  Hunt,  l>i.  Wftod  proccedtMl  lo  dissect  back  tbeikint 
but  the  uibMance  of  ibe  lumof  wm  founJ  to  be  w  thoronglily  broken  dowB,  thai  i( 
wa*  rcMlyeH  to  extirpate  thoroughly,  wilhoal  reganl  to  il»  coTcrint  The  circum- 
ference of  the  tumor  w«  w  gie»l.  thai  Lnrtead  of  uttemptinK  '^  encircle  the  whole  at 
once,  Dr.  Woo<l  pierced  it  at  itubaie  ami  crnltc  by  a  grooved  director,  and  «lo«g 
Ihi.  we  Ihra«  Ihe  free  end  of  our  plalinam  wir«.  awl  a*  it  came  oat  at  the  oppo».te 
dde.  i(  u-a^  rwa>e<l  in  the  other  half  of  the  operaiinc  handle,  thtts  forming  a  loop 
abound  one-half  of  Ihe  tumor  nt  it*  ha«e  Tha  drcuit  w»*  now  '■■losed.  the  loop 
gradually  contracted,  and  llie  amputation  of  the  portion  encbwd  uprolUy  accom- 
jAiAtd.  The  other  half  of  the  enlargement  wa*.  in  the  «*mc  way.  readily  cat  away. 
Snbctttnling  now  the  cautery  knife  for  the  wire,  m  much  of  the  underlylnB  tif»«  «»• 
remowl  as  could  be  with  safety  attempted,  owing  to  llw  position  ot  the  disease. 
During  the  operation  only  an  insignificant  amount  of  blood  was  lost,  and  but  ODtt 
mall  artery  called  fnr  lignlton.  No  uotownrd  iymptoms  foUowed,  and  the  patient 
mode  a  good  recovery. 

•  Die  Anwendung  der  galrano-kauMik  in  Innem  del  Kehlkopfcaond  SchlnndkopfK 
Wein,  187a.  On  Ihe  Application  of  the  Gal»aiwCaulery  lo  Laryngology.  See  alwi 
CohcD't  Diseases  of  tlie  Throat.  1873. 
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BENIGN  AND  MALIGNANT  TUUOftS. 


Trx  success  of  the  clecirolytic  procedure  io  benign  and  malignant 
tumors  depends  on  the  method  used.  One  may  fail  by  one  process  and 
succeed  by  nnolhcr,  just  as  in  any  other  Kurgical  operation.  The  ten- 
dency has  been  to  be  satisfied  wiih  the  mere  employment  of  galvano- 
piincttire,  n-ithout  regard  to  the  method,  and  to  accept  the  resnltSi 
whether  favorable  or  unfavorable,  as  serving  to  settle  the  question  of  the 
value  or  u&etcssness  of  electricity  in  surgery. 

In  electrolysis  everything  depends  on  the  method  ;  and  with  the  same 
method  skill,  care,  and  thoroughness  may  succeed,  when  awkwardness, 
carelessness,  and  inattention  fail  ntterly.  The  failure  of  electrolysis  in 
any  form  of  tumor — benign  or  malignant — is  not  to  be  counted  a  re. 
proach  until  we  know  the  actual  mcUiod  used  and  the  character  of  the 
operator. 

1'tie  errors  that  have  been  and  are  continually  made  in  electrolytic 
operations  begin  and  end,  as  we  have  seen,  in  ignorance  or  forgctful- 
ness  of  the  laws  and  facts  of  electro-physics  and  eiectro-piiysiology,  and 
especially  of  the  former.  No  one  can  be  a  scientific  and  successful 
electro-surgeon  without  also  being  more  or  less  of  an  cicccro-physicist. 

tlXn — ERECmLE  TtJMORS — ANOIOMATA — MOTHER'S  MARKS. 

Nscvi  (erectile  or  vascular  tumors)  are  both  cutaneous  and  subcu* 
taneous.  The  terms  cutaneous  and  subcutaneous  however,  simply  in- 
dicate a  difference  in  scat,  but  not  in  kind.  The  two  forms  are  often 
a.s50ciated,  and  the  wide-spread  dilatation  of  cutaneous  vessels,  attended 
with  little  swelling,  that  are  commonly  called  "moihcr  spots,"  are  evi- 
dently similar  in  character  to  the  subcutaneous  variety  to  which  Bell 
gave  the  name  of  aneurism  by  anastomosis.  Erectile  tumors  may  be 
either  venous  or  arterial. 

This  variety  of  tumors  may  be  treated  by  the  ordinary  method  of 
electrolysis,  with  a  good  probability  of  success,  provided  the  conditions 
of  success  are  skilfully  observed. 
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It  is  first  of  all  necessary  to  understand  that  to  cure  all  forms  of 
erectile  tumoTs  clcctrolytically  without  leaving  any  scar  or  trace  is 
simply  iinpos-iible.  In  many  cases,  and  notably  in  those  of  JArger  size, 
and  which  are  partly  cutaneous  and  partly  subcutaneous,  sooner  or 
later  dcstniction  of  tissue  is  requisite  to  bring  about  a  cure ;  and  de- 
scnjction  of  tissue  after  electrolysis,  like  destruction  of  tissue  ailer  the 
use  of  other  agents,  is  followed  by  cicatrisation. 

When  the  oxvus  is  small  and  suiicrficiai.  then  a  mild  electrolytic 
operation  may  be  followed  by  a  shrinking  of  the  tumor,  and  a  rapid  and 
permanent  absorption  of  the  debris  without  any  scar;  but  such  cases 
can  hardly  be  said  to  constitute  the  majority.  The  scars  following  the 
electrolytic  Ircatntent  of  na»'i  may,  however,  rapidly  disappear ;  at  least 
the  little  patient  may  in  time  entirely  outgrow  iheni. 

It  i%  necessary  to  be  understood,  in  the  second  place,  that  the  dec* 
trolytic  operations  for  nnevi,  as  for  otlier  kinds  of  morbid  growths,  arc 
usually  suflictently  painful  to  require  some  form  of  local  or  general 
anxslhesia.  It  is  almost  absolutely  safe  to  give  ether  to  young  chil- 
dren ;  and  the  operation,  even  tliough  it  be  but  very  short  and  but  little 
painful,  can  be  conducted  far  more  successfully  when  the  child  is  anxs- 
thctixcd  than  when  it  is  not.  With  adulls,  and  sometimes  with  children, 
local  anassthesia  by  ether  spray  is  sufficient ;  but  it  is  generally  inferior 
to  general  anajsihesia.  The  struggles  of  the  child  to  gel  free,  its  terror 
at  the  sight  of  the  insiniments,  can  all  be  saved  by  a  carefully  adminis- 
tered anxsthettc.  The  details  of  the  operation  differ  with  the  site  and 
character  of  the  tumor.  Success  has  followed  the  use  of  both  poles  in 
the  tumor,  or  only  one,  while  the  connection  is  made  by  a  sponge-clec- 
trodc  on  some  indifferent  point.  If  ihc  tumor  be  small,  and  but  one 
pole  is  used,  it  is  better  that  it  should  be  the  positive,  since  the  clot 
fonncd  at  the  positive  pole,  though  small,  is  liard  and  firm.  If  Uie 
luiDor  be  large,  needles  connected  with  both  poles  may  be  used. 
Whether  one  or  more  needles  arc  to  be  used  depends  oix  the  sixe  of 
the  tumor,  but  generally  one  needle  connected  with  each  pole  is  suffU 
cicnt.  If  many  needles  are  used,  it  is  difficult  to  manage  them  ;  and 
some  may  fall  out,  and  thus  disturb  the  operation.  It  is  belter,  as  a 
rule,  to  lake  out  the  needle  at  different  stages,  and  insert  it  in  various 
parts,  until  the  entire  growth  is  acted  upon.  We  have  sometimes  found 
it  of  advantage  to  reverse  the  current  during  the  operation,  so  Chat  alt 
portions  of  the  tumor  may  be  acted  on  by  both  poles.  Insulation  of 
the  needles  is  only  required  in  the  case  of  entirely  subcutaneous  tumors 
— where,  as  in  ihe  case  of  aneurism,  it  is  desired  to  produce  a  coagulum 
(which  may  be  slowly  absorbed)  without  injury  to  the  skin. 
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The  length  of  the  operation  may  range  between  five  and  iTrcnty.five 
intniitcs,  according  lo  ihc  strength  of  current  used,  the  size  of  tbe  needles, 
and  the  &i2e  of  the  tumor. 

The  great  point  in  all  electrolytic  operations  for  naevi  ts  to  do  juti 
tnough  ■U'Uhout  doing  ioQ  mtuh.  If  the  operation  be  not  reasonably 
thorough,  absoption  will  not  lake  place,  or  the  tumor  may  recur.  If 
the  operation  be  too  extensive  or  prolonged,  the  destruction  of  tissue 
may  be  greater  than  is  needed,  and  the-  subset^uent  cicatrization  may 
amount  to  at  least  a  temporary  deformity.  For  very  large  and  semi- 
cutaneous  or  scmi-subcutancous  nxvi,  that  exhibit  a  tendency  to  sjiread 
in  all  directionsi.  it  is  necessary  to  place  Uie  needles  at  or  near  the  base 
of  the  tumor,  and  in  the  surrounding  tissue,  among  the  enlarging  and 
tortuous  vessels,  in  a  manner  somewhat  resembling  the  method  of  dec- 
trolyeing  the  base  of  malignant  tumors.  If  such  tumors  are  treated 
timidly,  no  good  result  will  come,  and  the  operation  n»y  be  several 
times  repeated  without  saiisfactiDn. 

The  advantages  of  the  electrolytic  procedure  in  navi  are  these  : 

1.  In  small  and  superficial  tumors,  the  cure  maybe  effected  with 
little  or  no  scar.     On  the  face  and  other  exposed  parts  of  the  bod/i^J 
this  Advantage  is  veiy  great. 

2.  In  large  nxvi,  and  those  which  are  partially  or  entirely  subcu- 
taneous, the  liability  of  recurrence  would  be  less,  and  probably  tbe  ex- 
tent of  the  cicatiisation  would  be  less  than  after  the  ordinary  method  of 
treating  these  growths. 

SuteutaHeciu  trtttiU  tmmr  ^  tki  r^M  tAuk ;  cemfUtt  rttowty f^lavn  tltetrofyUt 

trtattntnt. 

CASeCXCVIIL—Ja  April,  1S71,  Dr.  D.  F.  Reynoldt  coDnilteduiInrtgud  to  the 
cue  of  a  little  clilld  aecd  oght  moDtha,  who  wu  afflicted  bf  n  ubcntracon  eroctUi 
tumor  in  the  ri|;lit  cheek.  It  appured  shortly  xfier  birth,  sod  bftd  gr^duAllyt 
until  llic  i^ate  nicnlioncd,  when  it  mcAMired  one  uid  a  half  liKhd  in  width  and  I 
one-hftlf  to  Ihtcc-quarien  of  sn  inch  in  depth.  Upon  finn  pmsure  the  enljiTgeinefll 
would  R!mo»t  ctnirely  (3i«[)pc-jr.  The  paiiciit  htviug  been  placdl  uwJcr  Uic  iDflucnce 
of  chlaroform,  wa  operated  at  Bcllcvae  Hutpital,  in  (he  jweaence  of  Dr.  Fnuilc  Mom* 
illon  and  his  clus,  by  introducing  inm  the  four  cjuarlent  of  iha  tumor  (otir 
giL:le<J  iieel  needia  insubted  to  within  one-<iu(ulcr  of  an  inch  of  thr  poinli.  Two  < 
the  nccdlct  ftre  connected  with  ilic  poMtive  ami  two  with  ihc  nef^uve  pole. 

During  the  puraaj^  of  a  current  of  very  raodcnte  tcnsioD  the  uilai£eateot  gnulmllj 
grew  harder  and  more  promincat  a&  the  blood  coapilated,  anil  at  the  expuation  of 
eight  minute^  when  the  needles  were  withdrawn,  tbe  part  was  quite  firm.  Tbe  child 
luflcrcd  no  inconvenience  during  or  aRcr  the  operation,  and  when  seen  the  next 
morninK  wa»  ft*  well  an<t  pUyfal  a*  trniial.  The  proceM  of  attwrption  won  became 
nanilcsl,  and  in  two  months  three-quarters  of  the  clot  had  ci  Lwppcarcd. 
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prom  thU  lime  th«r«  was  a  mofl  marlwd  decrease  In  the  rapidity  of  abtoqittionf 
■nee  bnt  two  montlu  mere  were  reqnJrcd  before  ifac  dot  bod  eniircty  disappeared. 

A  i^rgt  arteriai  tmm«r  in  a  ■uMoi,  iU-ttaurisheti  ekiid ;  the  mmU  «f  tUetrvlytie 
treatmeat  tinsatii/actory. 

Case  CXCIX.— Annie ,  arhilijagcd  one  year,  wat  dirodcd  lo  niby  Dr.  H.  P. 

F«rnKam.  On  her  back,  over  ihe  upper  dorsal  v«ricbric,  we  found  a  targe  AadnattBg 
artcriftl  ttiiDor,  nearly  two  kiciies  In  dlaiudec  at  iu  base. 
The  dilld  wu  marlicdly  aiiKmic,  and  her  general  condition  was  much  below  par. 
It  was  tliought  b«tt,  however,  la  operate,  and  in  the  pretence  of  tin.  Karnham, 
Pinkney,  Uranc,  and  others  the  needlei  were  uwd  in  the  tanae  manner  a^  in  the  piv- 
viom  cav.  Ci>ai;ulat)t>n  wai  readily  prnduced,  hiil  owing  to  tome  tinplcauint  »ymp- 
U>tn\  in  the  rupiralioii  of  Ihe  cliild  the  neeillo  were  withdrawn  (aa  the  progrCM  of 
tKe  case  tHibw^uently  attet(ed)  a  little  pteinalur«ly. 

Abiorptioo  Mt  to  very  dowly  iniJccd,  and  after  a  few  weeks  its  effects  were  barely 

I  perceptible.     After  a  couple  of  nonthi  it  was  evidciii  that  the  drculailon  in  one  por- 

[tlon  wu  beginning  to  be  re-eitabllshed,  but   the  mother  reftued  to  allow  anji'lliinf 

aore  to  be  done  for  the  little  patlenl.     It  ihould  be  uaied  that  on  the  night  follow- 

Ling  Ihe  operation,  Ihc  child  was  allowed  to  lie  upon   lis  bock  with  the  hard  enlarge- 

ment  of  cuajiitdatcd  blunid  entirely  unprotected,     Sub«c.^tK.-nlly  a  >ofl  circular  ring 

wa*  prepared  and  ptaccl  nrountl   lh«  tamor,  but  llie  irntation  already  canted  by  ibe 

'  was  followed  by  ili|>ht  ulceration  and  discharge. 

TU^  howerer,  healed  in  the  course  of  two  weeks,  but  it  undoabtcdly  contributed 

the  genxtral  uiuatisfactory  remit.      The  kIuwucu  with  which  the  abwrbtnf 

'proocsa  was  carried  on  is  to  be  attrihulcd  iindoubiodLy  to  inipaiTc«l  nuirlllon,  .ind  the 

K-««tabli«hnienl  of  the  circolalion  mainly  lo  the  unfortunate  necenity  of  cutting  shott 

tbe  operation. 

ArttruU  erettiU  luitntrfrsnitTth  in  athild Jt/iten  months  M;  Mmfl^tt  rttetxrj 
maJer  tifflrplytaiion. 

CasbCC. — In  a  little  child  lillcen  months  old,  upon  wliow  face,  neat  the  angle 
of  the  lower  jaw,  a  small  erectile  tnmor  hod  Misled  from  birth,  electrcdyvi  was  com- 
pleldy  successful  The  patient  was  placed  under  the  lijlkcnce  of  chloroform,  and 
two  plallnam  needles,  insalatcd  to  within  one-third  of  an  inch  of  the  poiniis  and 
cotuwcted  with  the  poiilire  pole,  were  introduced  into  the  two  lower  <|iurtcrs  of  tbe 
tiMDor  ;  wltile  two  sloci  needles  connected  with  [h«  negaii^-e  pole  and  insulated  in  a 
Blailai  manner,  werv  thrust  into  the  two  upper  qnarterL  The  current  from  twdve 
medium-rited  cells  of  a  rinc-carbon  baiicry  was  allowed  to  pass  fur  ten  minutes  at  llw 
end  of  which  time  the  coagulation  was  complete.  Absorption  of  the  dot  rapidly 
became  manifest,  and  in  four  moathi  it  had  cntirdy  disappeared,  leaving  no  scar. 

In  siibscfjuent  opcrarions  we  have  not  hesitated  to  use  steel  or  gilded 
es  for  the  posicive  pole,  since  the  oxidation  which  these  needles 
nndergo  in  all  prolmbiliiy  tends  to  accelerate  coa^lation. 

Stthtmt^HMm  trittUt  tHm»r  tre^td  iy  tltc(r*t]/tii ;  too  Urong  emrtntt  usrd;  n^ 

Casb  CCI.— a  Ihe  request  of  Dr.  Geo.  K.  Smith,  we  operated,  November  la, 
1^71,  on  a  cate  of  sialicttaiiieiiui  erectile  tumor,  just  over  Ibe  inner  angle  of  cbe  eye 
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in  a  child  sixteen  manthf  of  tge.  The  tnmar,  which  wu  about  the  nae  of  •  ha»t 
nut,  could  ciuiljr  be  comprcsvtl.  The  chilil  wm  thofoughtjr  clhcrixcd  with  ihc  3muA< 
once  of  lit.  F.  H.  Coliun,  ami  three  iiuvlalol  needles  weie  in-ertctl  inlu  the  lumur— 
two  connected  with  the  pi^iitire,  niiit  Qtie  with  the  negmtfve  pole, 

The  vuireni  w&s  from  uiieen  weak  ccUt ;  the  ifamrr  twmniy  mmaics,  Tb«  colot 
or  the  tiunor  duiai^  durii^  the  i>pcrailon  an<J  beotnie  hard  throujch  the coagiilation. 
Subactiuenlly  the  loiDor  ilougbed  at  certain  point*,  anil  the  Tcnilt  was  not  ntlsTictuTy, 
■ince  a  deforoiii}'  wulcft  thatnU]'  bcpcrniincnL 

Tlie  mistake  we  made  was  in  using  loo  strong  a  current  and  unduly 
prolonging  the  operation.  Id  our  desire  to  avoid  repeating  the  opera- 
tion, we  went  to  the  other  extreme. 

The  delicate  skin  of  the  child  was  so  affected  by  the  action  of  the 
Current  lliftt  sloughing  ensued  in  spite  of  the  insulation  of  the  needles. 
This  mistake  is  one  that  can  be  easily  avoided. 

Dr.  Rockwell,  by  a  somewhat  rare  coincidence,  treated,  within  a  coni- 
paiativdy  short  time,  four  widespread  nrevi  involving  the  nose.  The 
lint  case,  sent  by  Dr.  Lafayette  Ranney,  submitted  to  two  operations. 
The  first  successfully  obliterated  the  dilated  vessels  of  one-half  the 
nose ;  but  circulatiuu  becoiniug  re-established  in  the  other  half,  a  sec- 
ond operation,  performed  after  an  interval  of  several  months,  resulted 
in  complete  recovery.  The  second  case,  sent  by  Dr.  Stephen  Smith, 
was  apparently  successful ;  but  as  it  passed  frotn  under  his  observation, 
he  is  untiifonned  of  the  ultimate  result.  The  remaining  cases  recovered 
promptly  after  a  single  operation,  and  with  hardly  an  appreciable  scar. 

Drti.  L.  y.  Soss  and  K.  V.  Lincoln,  of  this  city,  have  communicated 
to  us  the  details  of  an  interesting  case  of  successful  ueatuient  of  a 
vcnouK  erectile  tumor  of  the  neck  : — 

The  patient,  Gen.  K.,  aged  33,  of  nervoiu  temperament,  represented  that  in  AprD, 
1869,  after  a  speoal  eflort  in  public  speakbig,  he  fell  a  \a,v\  in  his  acdc,  on  the  left 
aide.  Six  weebi  tatet  a  small  liimor  appeJireii  in  the  locality  of  the  {lain,  which  in  at 
few  raQC)lhiiRcrcaxc<t  mnch  in  siie.  It  wai  Hibie<iuenClj  reduced  by  fulphnr>tMthl«.'j 
cathartics  tindtiTe  of  iodine,  etc.,  but  retutneil,  and  ht  February,  1870,  was  agawj 
reduced  by  the  same  ticitment,  which  left  him,  huwever,  exceedingly  weak.  July  4, 
during  the  cacilcment  of  a  public  rcocptioa,  the  tumor  again  appoamd,  with  severe 
pain,  lau  of  vatce;  and  feeling  al  suffocation,  so  that  death  appeared  Imminent ;  and 
again  it  wa*  dit|>e)ted  by  the  wmc  trcntmenC.  On  account  of  the  frequanc;  of  lltne, 
and  the  exhaust iun  that  followed  the  treatment,  (he  paticitt  was  compelled  to  rc*i;p 
the  public  poiition  which  he  held,  ami  relum  home: 

When  he  came  under  t!ie  observation  of  Dt^  SaM  and  IJncofai,  a  tumor  of  ibc  sizs 
of  a  Urye  goose's  egB  wsu  foun'l  nn  the  left  tide  of  the  Hack,  in  the  anicri>- infer ioli 
portion  of  the  i^on  defined  hy  the  stcratxIeldo-aiMtoid  and  trapeiius  nuiclei  and 
the  clavicle.  The  tiacViea  wat  ported  half  an  inch  to  the  right  of  the  medtaB  lino. 
The  tumor  was  rounded,  smooth,  and  readily  compmsible ;  bat  after  comprcsnon  i- 
Ktumed  to  its  natural  shape. 
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An  attack  of  in^g«tton,  active  excrdn,  or  mcBtal  excitement  of  anjr  kind,  wwild 
cause  the  tumor  to  inaeuc  Kmctimci  to  twice  iti  usual  &'uk. 

Sept.  3O1  iSto,  in  the  preMnec  of  Dn.  Hammond  ftnd  H<ick1«y,  the  patient  was 
ftnanthcliicd  and  (nhmicied  to  electrolytic  treMmeol.  Four  gil<Ie>cl  Mccl  needtu,  in- 
wbtcd  to  one-half  or  three- fourlht  of  an  iocli  from  their  {winti,  wcfc  uitrodooed  into 
llic  four  quarlert  of  the  tumor  ;  the  two  upper  being  one  and  one-fourth  inch  apart, 
and  one  inch  alxiTc  the  lower,  which  vrete  one  inch  apart.  The  two  inner  ncedlei 
were  cotin«:ted  with  the  (ubdinded  anode,  and  the  tvro  outer  with  the  tabdivided  ca- 
thode. At  Ant  ten,  then  fifteen  element*  of  a  battery  umilar  to  Sttihrer'i  were  em- 
ployed.    The  &iren£ih  of  the  current  vraf  increased  crftdually. 

At  ihe  espiraiicjn  of  fifteen  minaici  the  two  lower  ncedl«  were  disengaged  from  Ike 
current,  thus  concentraltng  the  whole  force  upon  Ihe  two  upper ;  at  the  expir&tion  of 
fifteen  minutes  more  the  needles  were  removed. 

Iluriag  the  operation  all  the  piominenceof  the  tumor  diuppeared,  and  a  delicats 
eKatnionlivn  dctette*!  a  hard  mass  in  its  place ;  not  a  drop  of  blood  en-aped  on  the 
removal  of  the  needles,  Tb«  skin  over  the  tumor  prcscated  a  bright  blosfa,  and  the 
trachea  had  retnmcd  to  its  proper  poxitlun.  The  patient  kqit  quiet  for  three  dayt, 
■Hing  a  cold-water  comprem.  At  the  end  of  that  time  the  soreness,  which  had  been 
fiCMuidcrable,  tiad  nearly  all  p*fit«d  away. 

At  Ihe  lateU  date,  October  24th,  Che  patient  was  well,  and  "  Uie  iaduralioii  in  the 
•eck  was  tl«adUy  dtmiiu*hing  in  ute." 


I 


Goitres. — Gottres  are  to  be  treated  by  ordinary  electrolysis  with  sharp, 
bayonet-shaped  needles,  which  may  be  eidier  insulated  01  non-iasu> 
laled  Needles  that  are  smoothly  insulated  can  be  inserted  through  the 
skill  of  the  neck  without  very  luuch  more  dilhcully  than  non-insuIated 
needles ;  'but  if  the  insulation  be  roughly  put  in,  the  ditliailty  in  inser- 
tion may  be  very  great.  An  advantage  of  non-insulatcd  needles  is  that 
by  the  action  which  takes  place  in  the  skin  around  it,  the  needle  be- 
comes loosened  at  the  negative  pole,  and  so  can  be  pushed  in  still  fur- 
ther witliour  difficulty.  For  guUres  of  all  kiud^  the  negative  pole  is 
much  preferable  to  the  positive  pole,  just  as  in  o-stic  and  tibroid  tu- 
mors. There  is  no  danger  in  inserting  a  needle  even  into  a  snuil 
gottre  to  a  considerable  depth,  say  one  or  two  inches.  By  great 
carelessness,  it  would,  we  suppose,  be  possible  to  wound  the  carotid 
artery.  We  do  not  usually  employ  an  an»:schetic  in  the  operations  on 
the  neck  ;  we  find  that  the  ether  spray,  or  local  application  of  a  mix- 
ture of  carbolic  acid  and  ether,  equal  parts,  prcvetits,  to  a  consideraUe 
extent,  the  fear  of  the  introduction,  which  the  patient  much  dreads, 
and  which  is  really  more  severe  than  the  pain  of  the  electrolysis  after 
the  needles  arc  in  position. 

In  a  few  cases  we  have  obserred  that  the  needles,  when  inserted  in  ,1 
goitre,  cause,  by  rctlcx  action,  pain  in  the  forehead  ;  in  other  cases 
aaiueft  and  a  tendency  to  fiuotn^  ss  are  observed.    The  majority  of 
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[Kitients  do  not  l>car  an  operation  of  more  than  from  &ve  to  Mteea  mia- 
uies,  which  may  be  repeated  two  or  three  times  a  week. 

This  jHirely  electrolytic  treatment  may  be  varied  by  external  galva- 
oi/^tioD  and  faradization  with  strong  currents. 

There  is  no  question  that  external  galvanization  and  faradization  wilii 
strong  currents,  both  steady  and  interrupted,  will  cause  a  considerable 
rcdnctionof,  and  sometimes  completely  dissipate  goitres;  and  even  when 
these  incthcxls  do  not  cause  any  perceptible  diminution,  they  at  least 
relieve  the  sense  of  pressure,  the  heaviness,  and  the  sense  of  suffocation, 
or  of  choking  that  goitres  oflen  cause.  External  electrization  alone  ii 
not  as  satisfactory  as  electrolysis  with  needles. 

I'he  prognosis  of  goitre,  under  eteciiical  processes,  varies  with  the 
nature  of  the  tumor.  Those  which  are  small  and  soft  may  disappear 
entirely  and  pennanenily,  TFiosc  that  arc  large,  prorided  ihcy  are  nol 
too  hard,  may  also  entirely  disappear.  The  cystic  varieties  al^^o  give  a 
good  prognosis.  Those  th.it  are  both  very  large  and  very  hard  majr 
diminish  a  certain  perceniuge,  but  they  do  not  entirtdy  disa(>pcar.  The 
best  method  of  estimating  the  results  of  treatment  is  to  take  measure- 
ment of  the  neck.  Almost  ail  goKres  will  go  down  more  or  less,  and 
usually  at  the  outset  of  the  treatment.  Afterwards  they  recede  more 
and  more  slowly ;  and,  even  in  those  cases  where  die  cure  is  complete, 
ihe  last  qnancr  will  rcqnire  more  treatment  than  the  first  three-quar- 
ters.    This  is  true  of  all  hard  growths  that  are  treated  by  electricity. 


CtUn  of  three  years'  ttaitditig— Rapid  re^Heiion  and  approximate  eyre  under  gal' 
van»-ptiti€tiirt^F.xlerKal  faraditation  wlh  very  stmmg  currtitlt. 

Cask  CCII. — Mnxch  30,  1874.  We  were  called  to  treat  b  ca»<  of  g^iu'tre.  where 
■be  ineasuicfRCnt  arnurul  Ihe  neck  w»%  liilcen  and  one-half  inches  Tlw;  p«ti«nl, 
wasayoui^man  tirenty-ooc  yearaof  age,  and  the  growth  had  cxisied  three  )<eMX  Th« 
iBiRor  wat  inodclAtcly  but  Bnl  exceuivcly  hard.  Wc  commenced  treatment  wtlh 
electrolyiis  Che  ne«dlc  being  passed  into  the  L-cfiIre  of  ihe  tuinui.  In  one  we«k  hiUf 
ui  inch  wu  j^iined  ;  in  five  weeks  one  xnd  a  liaLf  inches  whiclt,  in  elTecl,  (unoiuitcd 
to  a.  cure.  We  nwd  unly  mild  cuireiiti,  cQinhined  with  exicinal  faradiiuion,  wUh 
•nry  stronf  currents,  Tiolcntly  iniemi^tcd,  u  ni^cestcd  by  Meyer.  TberesiUi,  there- 
fore, wan  <liie  to  the  combined  elTcHrt  of  difTennt  kinds  of  etectriniion. 

The  great  majority  of  oucs  of  Ihlt  kind  will  become  reducnt  ten.  fiftceti,  or  twraly 
per  ccnL,  and  will  become ^ationnry.  Cvcn  in  lhi«  cue  (he  reduclion  of  the  last 
quarter  inch  coiuumed  a>  much  time  as  all  the  ml  of  the  cure. 

[n  the  above  case — which  may  be  regarded  as  a  ijrpe  of  the  more 
successful  results  of  electrical  treatment  in  goitre — the  galvanopunc- 
ture  certainly  accomplished  more  than  the  external  faradization  with 
strong  interrupted  currents.     The  latter  method  did  something,  and  ii 
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ivorth]r  or  trial  in  the  treatment  of  goitre  in  conoection  with  KAlvaita- 
|>iincHire. 

'UmpU  Br  odtHfid  g9\tr*  in  *  tkUd  ag^  fettrtttn — Rtlitf^f  ehaking  lemMtiatU— 
SttaJy  detrtAtt  iii  liie  uMjtr  exteruai  gahMHuati*H  anti  eUctr^yiii. 

Case  CCIII. — 1«  W.,  a  girl  ftgAl  fourtMn  yciri,  Gnt  obtcrvcd  four  ycus  once  t 
iX\^X  cnUrgcmcnC  of  the  lliyruiil  glund.  It  rnptdly  increased  in  Hie  uotil  Ucixinbcr  %.  t  S^. 
When  abepmcnlLtl  henclf  furexsmiiiBtiun  it  wu  one  and  a  half  inches  in  <Icptli,  uid 
Iwu  indict  in  nriiitli,  retching  to  the  onteriar  Imrtla  of  either  itenuxlvido'nuutoidcDi 
nyuxd.c.  Tfie  mu*  Wiu  quite  [n>ovable  and  did  not  In  ax\f  way  cau>>«  incoDvenienoc, 
cxGcpcbg  when  bhe  attempted  to  iiiig.  Iodine,  botti  iatemolljr  and  exteruallyt  had 
been  lued  ultboui  apprec-lable  benefit.  For  the  fint  two  inonih*  localized  exterHol 
gilYanication  rcpntcd  twice  u  week,  "n-M  alone  tried,  re:vultine  in  no  diEoiDuiion  m 
the  sat  of  the  nrelling.  but  in  a  very  decided  allcviilion  of  the  tlistrc5iing  iouation  of 
»tranglin]{,  which  invariably  occurred  wbcnever  iJk  aticmpCed  to  Nti^. 

Stdaeqnenlly  the  ncedla  were  ititroduced,  and  lo  Ihrnlate  the  luinor  h»  Meadiljr 
dvcrnued  in  kos,  until,  Jtinc  t,  it  w>«  uftc-<|uattci  it*  uriginal  tin:,  aixl  the  iadicatioiu 
were  that  it  wui^d  entirely  diwppew.  The  nee<lle  (a  unall  ^[luMr'*  needle)  was  iji- 
tiuduced  Ktme  [weiity  limes  ^nC  u  the  pain  pt>j<luixd  wu  very  tlijjht  nu  cblomform 
was  wed 

DiijifoiisH  «f  a  gAtri  of  fiftttn  momiki*  tlandiHg  under  tXttrPMl  itnlttui  gat' 

Cakk  CCIV.— Miu  H.,  a  younc  lady  affsA  34,  wma  directed  to  at  by  Dr.  J.  Ma* 
lion  Sims,  Nov.  26,  1872, 

Fifteen  months  before  she  otnerved  in  the  neck  a  tli^ht  enLt[i:emen(,  which  grew 
with  cotiddcrable  rapidity.  On  examtnatlon,  wc  found  a  goitre,  iliit  spread  widely 
all  over  the  Anterior  portion  of  the  neck,  CKtendinj*,  indeed,  bcyund  the  outer  margin 
of  either  stcrno-cleido-Lnastoid  muscle.  The  mcoMirenicat  aroitud  the  mo«  jnomi- 
oeni  porlion  was  14)  inchcu.  ' 

We  lirsl  altempCetl  lioiple  external  locoiiied  gal  van  nation,  with  the  effect  of 
teducinj*  the  mea«urenicnt  in  13  *<«nrcs  lo  13  inches.  'I'he defoiiiuty  was  now  barely 
fvrccptiMe,  and  deaeoued  with  characteritcic  slowness,  but  linally  completely  di&ap- 
pcaied  after  some  15  additional  ^plicaiions.  At  tbc  cltise  of  the  ticatmeBt,  the 
Deck  measured  junl  tat  incbcL 

Cytiu  Tumors. — Benign  cystic  tumors  may  be  successfully  treated  bT 
the  ordinarj-  tiiethod  of  electrolysis.  Wc  have  ircatcd  a  tiitnibcr  of 
cases,  small  and  large,  and  with  excellent  results.  The  object  of  the 
elcctrulylic  procedure  in  benijjn  cystics  is,  of  course,  ver)-  diffcrcni 
from  llic  object  of  the  same  procedure  in  nievi.  The  iher.-ip«utical 
action  of  (he  current  on  cystics  is  somewhat  complex. 

ist.  The  fluid  is  decomposed-  The  gaseous  products  of  this  decom- 
position sometimes  escape  through  holes  made  by  the  needles. 

3d.  The  walls  of  the  cyst  arc  stimulated,  so  that  the  fluid  is  absorbed, 
and  thus  the  tumor  is  caused  to  shrink.  'I'his  is,  in  fact,  the  rationale 
of  electrolysis  in  hydrocele. 
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36.  Decomposition  of  the  walls  of  the  cj'sts.  This  takes  pliicet  of 
course,  only  m*hcn  uninsulated  needles  iie  used.  \Vhen  the  needle* 
are  insulated  near  to  the  end,  the  walls  of  the  cyst  are  not  acted  on. 

4th.  EvacuaiioQ  of  the  duid  contents  of  the  cyst  without  deconipo- 
Kition.  This  result  may  follow  punctuie  of  any  kind,  even  when  no 
electricity  is  used.  It  is  more  likely  lo  follow  eleclrolysis  with  the 
negative  needle,  for  the  reason  chat  the  needle,  when  not  insulated, 
acts  on  the  walls  of  the  cyst,  and  enlarges  the  opening  nxadc  by  the 
needle. 

In  operating  on  cystic  tumors  by  electrolysis,  the  best  procedure  is 
to  insert  a  needle  connected  with  both  poles.  The  positive  needle  may 
be  kept  tixcd,  white  the  negative  is  worked  in  various  directions,  so  as 
to  act  upon  all  the  inner  surface  of  the  cyst,  and  also  to  enlarge  some* 
what  the  hole  made  by  the  nccdilc  in  the  walls  of  the  tutnor,  so  as  to 
allow  free  exit  of  the  Huid  or  gases. 

Large,  long,  cutting  needles  are  usually  preferable  wheh  the  tumor  is 
large;  but  for  small  tumors  almost  any  kind  of  needle  will  answer. 


FiciSft. 

Benign  C/ttic  or  Erectile  Tnmor,  treated   lif  ordjiuu'jr  electrolyris   by  [osoltlcd 

needle^ 

Cyjtit  turner  of  forthdoJ  of  forty  ymrt*  iCaHding  ;  itmntdiati  and  ftrwaimX  tm% 

by  tltttrolysit. 

Cask  CCV. — Mrt.  II.,  ased  60,  we  finu  nm  Ui  coiuulifttton  wilh  Ut.  A.  W.  Cat- 
lin,  of  Brooklyn,  Nov.  9.  1871. 

For  forty  years  she  had  been  afllklcd  with  &  tumor  oa  tbe  Ibrvbead,  Mhkh.  in  ap- 
pcArance  and  i\tt,  and  in  its  feel  and  cotnpretnbiliiy  at  llic  time  wc  saw  it,  exactly 
tcKiiiNei!  A  ripe  Isabella,  grape.  This  appearance  hud  not,  however,  been  coBStuit  | 
lUuie  varied,  and  at  one  time,  nt^er  stooping,  it  had  coiiAclerat>ly  enlarged,  aitd  a  vda 
connected  wltli  it  and  leading  towards  Lhc  opper  pari  of  tbe  nose  betamc  swollen  and 
(MominenL 

Wbcther  the  cnlar^ntcal  was  erectile  or  cyttic  waa  a  matter  of  doubt.     Dr.  A.  B. 
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Cioiby,  whoMw  the  cue  wilh  as,  regantcd  it  u  cy«tic  Tlu  patient  haa  refused 
to  tubinit  to  0)1/  o}jcralki>n  fur  llic  raJidl  cute  of  Ihc  tumor— jmuiI/  on  account  of 
fear  of  ticmorchngc,  and  cutuequenlljr  had  wum  the  uiipIeiuanC  defomiit)'  lliC 
gmtoT  portion  ol  her  life.  Nov.  ii,  1871*  with  the  luiiilancc  of  Dn.  Catlin, 
Cnntiy,  Cooper,  and  Wyckol^  local  anseUhcMa  wa*  used,  ami  two  unall  iniulated 
neeillt»  were  iiiKiteil  into  the  luiuor  near  the  luinc,  one  )>o]e  coDnecied  with  ibe  posi- 
tiveaad  the  ithcr  with  the  negative  pole  of  tcncclUof  aporuUcGalvaiio-KaiadicCo. 
tlnc-ctrbon  hAtccry(Fi{.  61}.  Immediately  ihccalorof  the  tumor  began  lolighion, 
through  the  change  of  its  fluid  contenia  into  oxygen  and  h/drogen  ga^es,  and  in  Av* 
minutes  tbc  whole  tuifacc  was  almost  colorlcm,  and  tlic  tumot  wiu  much  distended. 
1'hc  needles  were  nour  witlidrawti ;  there  wa^  no  licmoirbagc,  but  the  ga.^en  begaik  (o 
etcapc  at  the  pLocex  where  the  needle*  were  iiiierteii.  Dr.  Cruttiy  now  ii»eU  a  Iiltle 
preiiiirc,  and  the  tumor  Oatlened  with  moie  escape  nf  gas.  Under  repeated  pfctmre 
Hill  more  gaa  escaped;  and  in  ten  mioutet  fioni  the  beginning  of  the  operation  tha 
tumor  wu  perfectly  fattened.  Uradually  the  reuduum  of  the  tumor  diuppeared, 
Biul  in  a  few  wcelts  icarcely  a  trace  of  the  long-standing  defom^ly  existed. 

Cjisltc  tumor  of  Ike  trfiut,  p»niMy  malignant,  trtaied  by  txterual  gaJvaHuatiom 
»md  ttttSroiytU — GrttU  rtiittrlioa  in  tiw,  an  J  afpartut  turt. 

Case  CCVL— Mr*.  P.,  a  lady  of  middle  life,  consulted  (»,  Dcccmbet  3d.  1873. 
The  patient  had  a  tumor  In  the  left  l>rea»t,  of  tbc  mic  of  a  nnall  orange.  About  t¥ra 
months  had  poued  lince  it  was  nnt  obuned. 

Both  her  family  phyudan,  Dr.  WikoS;  and  another  surgeon  of  emlnetK-e  regarded 
llie  iiimor  ns  sdrrhous  and  advised  iti  removal. 

The  [Mticiil.  we  may  temarlt.  traced  lite  origin  of  the  growth  vny  directly  to  a 
aevetc  lwtii»e  of  the  breast  from  striking  against  a  bed-post.  When  wc  lirit  saw  the 
caic.  the  tumor  could  be  easily  felt  anil  gnuped  between  the  fingers,  and  seemed 
quilc  hard.  The  nipple  waa  but  klighliy  nfTected,  nnd  there  was  no  invotveineni  of 
the  KJands  in  the  uilla. 

There  had  been  little  or  no  pain,  the  lumor  had  not  extended  to  the  iltid.  and 
there  wat  no  discoloration  ;  except  by  examination  iImi  presence  of  the  growth  would 
hardly  have  been  luipected.     Tbc  growth  was  quite  movable. 

The  patient  was  of  a  very  nervous  teoiperoment,  and  had  miflercd  much  trom  neu- 
ralgia. In  Bfnte  of  Che  lack  of  very  nerere  ^mptoms,  we  concurred  in  the  opinion 
of  her  previous  adviters,  thai  the  tumor  was  scirrhous.  The  patient  ui  drendc<l  the 
Ihouglil  of  the  knife  that  ihe  wonte^l  to  give  elcclcital  trefllmctit  a  goud  trial, 

Wc  began  wilh  local  external  galvanization  with  moderate  currents.  After  one 
week's  tricatment  the  tumor  seemed  looKer,  softer  in  poriions,  and  a  trifle  unallee. 
Sufaaeqiient  treatment  aitdcd  nothing  lo  this  a[>paDint  improvement.  We  therefore 
reaolved  to  use  galvano-jmnctuie. 

December  31st,  we  inserted  two  needles  Into  the  part  of  the  tumor  that  was  most 
npcrAcUi ;  one  needle  was  connected  with  the  positive  and  titc  other  with  Ibe  ncga- 
tlvepok. 

Ether  spray  was  used  before  tlie  needles  were  introduced.  The  ticedles  had  not 
been  in  position  more  tlian  hve  minutes  wMen  a  JtuiJ  ai  t^rlttt  at  vattr  btgan  (9 
fhxa  out  of  the  places  wlirrc  they  were  inwrted,  and  on  presnire  the  quantity  that 
came  away  was  much  iDcrcavyi,  and  more  or  lew  flowed  out  during  Ihs  whole  o{>cr&- 
lion,  whkh  laatcd  £&<«»  minutes. 
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When  the  neaHes  were  nillidrawD,  utd  pnwim  ms  ued,  tttU  more  Hold  exudH, 
and  the  mmor  bul  become  reduced  iwA-thlrds  In  siuv  The  tumor  wat  eviiloiilj 
tytltt. 

Juitury  3d  and  Janwiry  Sth,  weagain  operated  with  Dr.  BcsnTi  long  cttltitt|(*nec<Ue, 
MiithoBt  lUasUncc  and  trilhoitt  uucBtbcsi^  >0  a»  lo  reduce  the  Imnor  to  a  muiimain, 
and  if  poauble  catue  abaorjition  or  atrophji. 

At  the  Mcond  nperatioo  ji  leu  ipiantil]'  of  fluid  ended,  awl  BtiU  lee  U  the  tbil4 
opeiation.  The  patient  tcri  Tor  home.  We  occadonaUjr  bear  from  ber,  tad,  up  le 
Ibe  date  of  writiD£,  the  lamor  bai  not  lesumed  Us  ori^oal  law,  and  doc>  not  in  uf 
wity  troobie  bet. 

!□  the  above  case  one  of  three  resuhs  are  posnble : 

XiX,  The  tumot  ttiay  retiiain  coinparalivcty  >>nia)l,  causing  no  annoy- 
ance lo  the  patient.  This  resuU  we  have  seen  in  other  c/&tic  luniors 
(though  not  in  the  brea&t),  from  the  same  method  vf  treatmeDt  that 
was  adopted  in  the  present  case. 

id.  The  lutijor  may  again  fill  up  with  fluid,  and  may  require  a  rcpe* 
liliun  of  llie  same  treatment. 

3d.  It  inny  take  on  the  scirrhous  form.  It  is,  of  course,  possible  thai 
the  walls  of  the  growth  may  already  be  of  a  scirrhous  character.  Even 
if  it  should  prove  Co  be  a  scirrhuus  growth,  it  would  not  follow  that  le- 
moval  would  be  at  once  indicited. 

If  in  the  above  case  there  should  ever  be  a  rapid  and  ugly  rectinence 
of  the  tumor,  with  threatening  indications  of  any  kind,  the  method  of 
elcctrolyzing  the  base  would  be  indicated,  the  knife  or  the  galvano- 
cautery  being  used  to  remove  the  body  of  the  growth. 


I 


Cjfttie  tumor  of  tke  nAmAXiil»ry  Ttgiom,  ^ahahly  maii/;maHt ;  Ihrtt  fit-eraiioHt— 

Elettrolfsit  ef  the  hase—R»fid  iltaiimg  wt'lA  tUght  disfigyrtmfHt^I'ertaaatitt} 
ntctetsful  rtiuU. 

Casb  CCVII — Miss ,  a  >otuis  ladjr  in  liet  leois,  was  sent  to  us  March  35; 

1873,  \yf  Dr,  Wm.  W.  Rene.  Tlie  patient  was  o\  a  fragile  c:nni.tituHoD,  and  had  b» 
eome  debililaled  by  coufincincnt  in  the  sLiFliiiK  air  of  a  manufactory  wlirrc  »he  wai 
employed.  For  one  year  itie  had  been  troobled  with  a  tumor  on  the  wibmaxillary 
te^tCB  of  [he  left  tide,  thjit  wiu  at  firti  tupiwicd  10  be  amply  an  enbiged  glnnd.  It 
did  nut,  however,  yield  10  the  uw-it  creatmeRI  that  vartou«  phjiiciant  an'l  siuyeoiu 
hod  ^vcn  her,  aud  at  ilic  lime  we  m>w  it,  it  wax  alwut  the  ^c  of  an  Ei>i>li»h  walani, 
and  was  apparcntltr  encyitcd.  Lancinaiinj;  pains  of  a  tolerably  kvctc  characta 
were  lAmetlmes  felt  in  tnd  ncAr  the  crovth, 

Cardul  euminaiion  made  il  pretty  dear  that  the  eaUrgement  wu  crstic ;  that  a  ton 
jubitajice  wai  intidc  of  it,  although  the  «alU  were  quite  tianl.  March  37tb,  wiib 
the  a»i*t3n<:e  of  Dr*.  Rccw  ancl  Hyde,  we  electrolyied  a  portion  of  the  growth,  and 
f'ounft  th.1l  il  wat  really  cyclic  nod  conldined  a  dork,  cbecxy  aubttacce.  The  patient 
WM  fully  clbcriEcd  duriog  the  operation,  which  lasted  forty  minate&i  Laige  and  Ivnc 
nfrclln  were  employed,  and  uxteen  Einc-carbon  nlla. 
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The  opMAtion  wu  ToUowcd  for  two  dAj%  by  irritative  fever,  hui  by  no  other  tm« 
pleatuit  rctnlt.  There  wat  con:t idem bic  ato ugh ing,  but  the  bulk  of  tbc  growth  re- 
mained M  a  Utgc  uiifightty  mavL  April  i^th,  w«  again  operated  by  wariing  up  tJU 
inMt  of  lh«  Inmor,  anderminiag  it  and  icparniini;  it  from  the  surrvuiidiii];  licallhjr 
tUsue.  Dr.  A.  B.  Cmtby  asoLsivd  ai  ibe  oper&tio>i,  and  entK'leat«il  nfnnik>D  of  the 
mitsi  before  llie  tice^Uo  were  intertd.  The  irritative  fever  was  Uighier  than  after 
the  previous  operation.  An  ulcer  ti  inches  in  len^h  and  a  ba)f  an  inch  ia  depth  re- 
mained—the  lurfacc  presentinj;,  ai  usual  after  electrolytic  opcraitnni,  a  ctiarreil  ap> 
pcarnricc  which  at  fint  nl.irinerl  the  palient.  The  ntbicqticnt  hcahng  w-a%  in  the 
judgiiicEic  of  alllbc  turgcoti%  iiurpiiMiigly  rapid  and  latiibclury.  Or.  Crumby,  in  proper 
lime,  brought  lite  rdge*  together,  and  tbm  expedited  the  reparative  proceu,  *a  thai 
at  the  end  of  a  month  only  .1  trifling  wnr  remuned.  At  one  of  tlicse  operatioiu  tti« 
ixuendiyniatous  bemorrbaiie  was  exccUenily  controlled  by  the  aetlon  of  tlie  ctment, 
and  no  other  styptic  wa%  reijuired.  The  patient  had  now  positively  improved  in  bet 
gencial  bc-allh,  and  wras  frM  from  any  sign  of  the  disease,  tl  was  hoped  by  all  par- 
ties that  iihc  wnutd  hear  no  more  frum  the  lutnor,  It  had  been  mspecled  at  the  clov 
of  th«  Dprmtion  that  a  \inaU  portion  of  the  growth  remained,  but  it  waa  not  dermc^ 
adviaable  to  protract  the  operation. 

Very  >ooii  pain*  of  '|uiie  ■  levere  character  bej^n  to  be  felt  jatt  beneath  the  tkia 
in  the  region  of  the  sublinguU  gland ;  then  fulIoweJ  swelling,  and  in  a  few  weeks  a 
lumor  a»  large  aiahorse-cheirDUt.of  the  same  appearance  and  feel  as  ibe  previous 
growth.  Wedcciilctl  to  operate  again,  this  time  with  abv)1uie  thorougbnen ;  itie 
aanie  kUi};cont  being  preietil.  Dr.  Crosby  maiie  an  inci»on  anil  enucleated  ibegrowtl^ 
the  operation  l>eitig  completed  by  elect rolyxalion  with  laise  needles  as  l>cforc. 

Tjif  uvri  twu  tAarvugmiy  dent ;  the  hast  wai  thorimgMy  tfttlrvlyud  (F^.  193)>. 
During  the  operation,  a  branch  of  the  facial  artery  wa»  severed  by  the  neiedle  ;  1  bt»  was 
tied  by  Dr.  Croi^by.  TIk  wound  was  ueatcd  as  before  and  with  the  unw  result— rapid 
and  MlUfscloiy  healing,  that  has  been  permanent.  The  scar  dlsfigurea  but  slightly, 
while  I  he  palient  bai  imjirovcd  in  her  general  bcallh,  and  at  the  date  of  writing,  thtee 
jtars after  the  bat  operation,  wcigbi  ranch  more  than  at  tbc  time  of  tlie  uperalion. 


nc.  It). 

Electrolyus  of  the  baK  of  the  malignant  eytitic  Inmor  of  th«  neck,  after  removal 
of  the  lumor  by  enucleation.  Long  negative  needle  manipulated  by  the  opcratori 
connection  male  by  a  lumilar  positive  needle  alao  bi  tbc  base. 
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The  above  was  one  or  the  earlier  cases  in  whiih  the  method  of  elet 
troiysis  ef  iht  base  was  emphyetl. 

Unfortunately  the  tumor  was  not  examined  by  the  micrOBCope.  Tb( 
evidences  of  raalignanc/  of  the  tuiuor  were  its  recurrence,  after  ciiu- 
deation  and  ordinary  electrolysis,  the  fact)  that  it  seriously  afiected  the 
general  health  of  the  patient,  and  that  her  health  greatly  improved  when 
the  tumor  was  finally  removed. 

JJydaiids  of  the  Lwer. — Durham  and  Foister'havc  treated  eight 
hydatid  tumors  of  the  liver  with  success  by  electrolysis  at  Gu/s  Hospi- 
tal and  the  Royal  Infirmary  for  Children,  Waterloo  Road. 

"Id  one  patient,  who  was  DJuJcr  ihe  care  of  Dr.  Hilton  Kagge,  and  who  mi 
operatei  upon  by  Mr.  Durham  in  JunCi  iSfiS,  the  duloew  in  the  hepatic  r^oa 
mcAiuTcJ  seven  inchet  verticnlly,  i))e  riln  on  that  ude  were  bulged,  uid  the  intercostal 
SpaocB  prominent.  Twg  acnllcs  were  tnlro'luccd  into  tbc  moft  piomtDcnt  pan  of  the 
swdlini;,  one  |iierclng  the  space  heiireen  the  eighth  atui  the  ninth  cottal  cartilagd, 
and  the  other  ahout  two  inchei  behind  it,  between  the  ninth  knd  tench  ribn.  Tin 
needles  passed  in  to  a  deplli  of  two  or  three  inchei.  One  of  iheai  wasevidcntlr  ^ee 
in  llie  fluid,  for  it  could  be  movent  ultuui  aud  rubbed  aj{aiii>t  Ihe  otJ>er.  The  poiterior 
needle  doubt lcnp*<(ied  ihroiigh  the  diaphragm,  oiii  wtm  jerked  about  by  thercqnratoiy 
inovemeiiis.  Both  needles  were  connected  »itb  the  negaiive  pok  of  ten  cells  of  the 
battenr,  freshly  cbarEcd.  The  poMlivfi  pole,  coauecled  -with  a  moiKtened  conductor, 
WW  placed  between  and  near  ihc  needier  The  current  was  allowed  to  pass  for  twenty- 
live  miiimeii,  and  daring  this  time  there  was  a  crftckling  (eeltng  under  the  finger  as 
dI  etnpbjrKin.i,  owing  to  Ibc  HcidopmciH  of  lijtxlrogcn  from  the  litjiiid  of  the  cysL 
After  Ihe  operation  ihcre  was  some  pain  for  four  or  five  hours,  ]ii  ihe  cTcning  the 
tempemLme  was  100.9",  ■'^■1 1'^'^  patienl  did  not  sleep  well  that  night.  Next  day  the 
tcmperuturc  wot  99.6',  nndon  the  morning  aJ^cr  it  luid  risen  to  loi.a".  At  this  tia« 
Ibe  faypodiondriacal  tumor  had  greatly  disai>pcarcd,  and  the  man  expressed  himself  u 
feeling  quite  welt.  On  examining  the  right  side  of  ihe  chest,  however,  Dr.  F«ggc 
was  a  little  startled  at  finding  ab^ilule  dulncst  t)ctiind,  up  to  ibc  fourth  or  filth  dond 
rertetwK ;  and  over  this  extent  of  Ihonu  tticrc  wo*  less  vocal  ribtalion,  marked  luba- 
lor  respiration,  and  legophonic  character  of  the  voice,  which  afforded  conclmive  evi* 
deni-e  of  a  Hrge  efTusion  of  fluid.  There  was  very  slight  painaboatthc  poinlswhere 
the  punctures  bad  been  mode,  but  no  pleuritic  pain.  The  inao  lay  on  bts  back,  anil 
wu  qoitc  confortable.  The  liqukL  hitd  cviJcntly  been  (queered  through  the  pnacltire 
in  the  disphrogm  into  the  pleural  cavity.  The  man  went  on  perfectly  wdl,  and  the 
chest  sym pt am f  disappeared  entirely.  Twenty  days  after,  all  traces  of  the  abdonuaal 
twnor  had  tlisappeued." 

.^(^rorV/.— Fibroids  are  usuallyhard.  and  therefore  slow  to decompoM 
under  electricity.  This  is  tnic  of  all  fibroids,  wherever  situated, — in  the 
neck  or  any  portion  of  the  periphery,  or  in  the  ntenis.  Inasmuch  as  iber 
are  not  usually  malignant,  tlie  method  of  electrolyzing  the  base,  here- 
after to  be  described.  Is  not  needed.     They  arc  to  be  ircited  by  ordinaxy 

*  Althau^  op.  cil.,  p^  IS43.     Sec  also  Med.  Times  and  Cat.,  Nor.  t9th,  187a 
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clectrotfsis,  needles  connected  with  both  poles  being  inserted  in  the 
lufnor.  The  needle*  may  be  insulated  or  non-inmlaled,  according  lo 
the  situation  of  the  tumor. 

The  behavior  of  fibroids  after  electrolysis  is  not  generally  satisfactory  ; 
the  amount  of  decomposition,  on  account  of  the  density  and  compara- 
tive dryness  of  the  tissue,  is  but  slight ;  and  the  subsetiucnt  shrinkage 
and  atrophy  is  not  so  marked  as  in  goitres  or  cystic  growths. 

If  a  current  of  suAkient  strength  be  used,  the  patient  being  anasthe- 
tized.  suppuration  may  be  excited,  and,  as  a  result  of  the  destruction  and 
loss  of  tissue,  ihc  tumor  may  become  somewhat  smaller. 

Ravrrrmt  Jibrnd  tumor  9/  m  f tar's  ttatJing — Rtptcttd  EUttnlytati^m*  witM^it 
MMeritatKH  an  J  allenJtd  vfith  trtfiing  fiua— Arrets  ef  GrMflA~~Cr*duai  df 
trt<ut  in  iKt  tite  af  tht  tHmar. 

Cass  CCVIlI.— Mr&.  P..  a  Utly  of  nUdlc  >ec,  wakdlrsctci]  to  lu  by  Dr.  F.  Wln< 
Ston  in  febnury,  iS^I. 

On  MiminMion.  w«  faum)  mrio'  the  right  Mf  a  Urge  tunor.  soft  and  movmble, 
■nd  cpul  in  fuc  to  the  cloied  fist.  Tbc  alargcmcnt  wu  of  tbe  recuirins  fibrowl 
duncter,  entirely  |«inle*t,  bnt  most  unughtljr  in  appeannicc  The  patient  6r>t  ob> 
MTv«d  ili«£rowlh  Mtiw  Icn  ycArt  linnt,  when  Its  tue  wa*  tNinly  «[>|irt<ialilr.  Ii 
ICrxISAUy  enlarned  uniil  h  atttiinwl  the  liie  of  u  ordinsfy  baa'i  «u[.  bwI  wn  mnovetf 
by  ibc  late  Dr.  Cheemnut. 

A  few  noBths  svbfeqncnilr  it  made  its  Appcannoe  a  Hcoad  time,  sad  steadily  m 
Ur|t«l,  intU  st  ihecxpbaiion  aX  three  ycon  Its  fim  ira  «■■■  what  grtater  ibaa  when 
the  Cm  opCTvlInn  was  performed. 

It  WK*  Again  rnnorcd  \'j  Dr.  Willwd  Pkrltcr,  but  in  coune  of  lime  fctumcd.  The 
puleot  vru  now  uDwillinj;  10  hnve  th«  operation  by  the  knife  rvpnted,  hkI  for  Mveq 
jrwrs  tbe  lutDor  ilowly  tncreatcd  lo  tbe  sUe  Bbove  Mated. 

To  cvuid  any  pooibility  of  cxciiiaf  aaaetiGa  k  tbi  tnwr  UmI  ni^  md«  It 
tfuly  malienuu  bi  duncler.  ire  al  tint  made  «m  anty  of  nutittl  ptinidatlan. 

After  a  doaen  applicatkriu  no  chance  could  be  pcrcdved  bi  Its  ontwartl  confoinu- 
llo» ;  bat  that  the  Irealmeol  bad  not  been  wilboat  lomc  effect  was  mttnirtatnl  from 
the  fact  thai  the  head  conid  now  be  turned  in  wijr  direcliuB  witlMiut  aii»in][  tbe  t]is< 
■pveiblt  and  sometime*  painful  wnrntioiu  that  had  formerly  followed  pmawre  of  tha 
4c<p  ponion  of  the  crowih  on  the  underlyfais  ibxm. 

We  BOW  deddcd  lo  try  the  onlinary  melbod  of  dectiQlyiK  aiul  acconlbiely  hir»* 
daoad.  aa  iocb  Into  the  tumof,  ■  aeeite  insuUtcd  to  withia  half  an  iadi  of  its  poiat, 
Tta  appUmtoc.  aiienutlnc  wUb  niamal  cahaoaalioa,  waa  repeMod  aoae  Iwdn 
tliaaa  flnrint  rhi  1  imn  of  two  noothi^  and  raanltidhamydeddedallmlioaialba 
ibape,  as  well  %\  a  marked  dlminutMa  In  the  lice  of  thegrowth  After  each  operaiim 
■  luge  quantity  of  free  hydraecn  Ba*  ocapcd  IbfOttgh  tbe  openioc  inade  by  ibe  needle, 
foOowcd  by  a  il^bt  flow  of  blood. 

At  thii  lime  two  needier  were  incd — the  SKond  ona  of  pUtiann.  and  cennectad 
with  the  poucive  |>ole:.  It  i!i»4d<l  be  nst«d  thai  ptvrioiuly  only  twelve  tioc-oubon 
cdls  had  heen  nted.  and  tbe  cnrreni  allowed  to  pas  bat  tea  minuict.  Wt  vtm  b- 
aeued  the  celli  to  twenty,  and  permitted  tha  aeedlai  lo  tcmala  loaH  fiftan  abatai 
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but  when  tlM7  iccn  witlulnva.  nchlier  gu  nor  blood  neaped,  ami  r^t  ^  ''^^  o^^^*^ 
luicly  ceriun  tbat  the  curroii  had  been  puaoc  erery  metaeat,  and  with  powei 
greater  than  in  previous  opcmtioni, 

In  a  frw  houn  lh«  tumor  iind  limnes  tnrronndJBg  It  bec*nie  greftCljr  twalI«B,  ftccom> 
paninl  by  vcfy  ommlcmUc  p«iD. 

Tbc  ittin  aiul  *welUo|[  wci«  relieved  \iy  a  poppy  poultice,  but  ■  sU^bt  dsbbaigc  con- 
tinued through  the  months  of  July  aoil  AQgnut,  durin|[  which  lime  treotHMnt  mu  in* 
(crmitled.  Id  Seplembcr,  when  the  patient  returned  to  tbe  crt)-,  the  ducharge,  whurh 
had  c«iMd  two  wee^s  previously,  had  c^'idenily  resulted  io  a  slUI  fvnher  reduction  ol 
the  tumor, 

Tbe  treament  wm  reramed,  and  continued  at  iaterrals  daring  the  enniing  »inler 
and  spring.  Tbc  effect  was  a  slow  but  coiataal  dccrc^M,  nittil  it  wai  r«luced  to 
about  Anc-third  id  ort);iiial  ute. 

At  one  ttiiie  during  an  inlenal  in  tbe  treatment  the  patient  obwnred,  in  a  portion 
of  the  tnmor  to  which  the  iiocdlcTs  had  not  been  applied,  a  projection  which  rapidly 
enlarged  uniil  it  w.n  one-third  of  an  inch  in  diameter,  and  e:«tended  downward  into  tbe 
liealthy  tii-iue  fur  ruore  thin  aii  incli.  A  uugle  needle  was  iniiodaved  into  tfais  mi* 
welcome  nddiiicm,  and  m  mild  cunent  allowed  to  pass  for  ten  minutes.  Tbe  prociss 
of  Absorption  was  excited,  and  in  two  wceksthis  protuberance  complcldydi'tt^>peared. 

It  ii  interesting  to  note  in  this  description,  that  while  the  growth  was  slowly  but 
steadily  enlarging  before  tbe  use  of  needles,  it  did  not,  afict  the  treatmcal  by  eloctro- 
lysis  «ras  begun,  khow  the  slightest  dispo«tion  to  int.-rca'M:  to  those  ports  actually  in> 
fluenced  by  [he  current— ^thoiugh  at  one  tiinc  KTerat  niQntlui  elajMcd  between  the 
opcraiionv  Sulnequently  what  leniained  ol  the  tumor  was  9£ain  temoved  by  Dr. 
Parker. 


While  tlie  above  case  cannt)t  be  cited  us  a  briUmnt  result  of  electrck 
lytic  treatment,  it  is  of  exceeding  interest,  and  has  afforded  many  tiiteful 
hint»  that  have  been  of  value  in  other  cases.  The  pain  of  introducmg 
tlic  needles  was  trivial ;  and  the  electrolytic  action,  even  when  il  was 
very  intense,  produced  little  or  no  sensaiioti ;  consctniently  it  was  at  no 
time  necessary  to  use  chlorofunn,  and  llie  treaciiieni  was  as  readily 
borne  aS  if  the  applications  were  merely  extemaL 

J^ibroitls  of  ffse  ulerus  arc  of  sufficient  importance  to  be  specially 
considered.  They  may  be  (realed  elcctrolytically,  cither  through  the 
vagina  or  through  the  abdominal  walls,  according  to  the  position. 

The  danger  of  creating  peritonitis  by  thrusting  needles  through  the 
abdotninal  walls  is  but  slight ;  and  if  the  needles  are  well  inntilated  by' 
rubber,  there  \%  really  no  danger.    The  insulated  part  should,  of  conr&e, 
go  beyond  the  peritoneum. 

Dr.  Kimball,  of  Lowell,  reports  excellent  results  from  treating 
fibroids  in  this  way.  Our  own  observations  in  this  dircciion  have  not 
been  of  the  most  encoitraging  nature.  We  have  never  seen  a  large  and 
nard  uterine  fibroid  tumor  disappear  under  electrolysis.  Relief  of  pEun, 
of  neuralgia  and  anaesthesia,  and  of  many  of  the  attending  symptomsi  w« 
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havn  many  times  obtained,  but  never  a  complete  or  approximate  dis- 
persion of  the  tumor. 

Lipomata  {Fatty  Tumors).— Of:i\\ViATy  surreal  treatment  with  the 
knife  is  so  successful  foi  falty  tumors,  that  electrolysis  wouUi  liardly  be 
indicated,  even  if  it  could  accomplish  as  much  and  as  easily  as  the 
knife.  Fatty  tumors  are,  of  course,  benign  ;  and  when  operated  on  do 
not  recur.  Fat  decomposes  slowly  and  with  difTtculty,  and  from  our 
liral  experiments  on  a  Dumber  of  fatty  growths,  we  were  led  to  be- 
lieve that  secondary  abiorpltve  effects  would  not,  as  a  rule,  follow  elec- 
trolysis. Dr.  Rockwell's  later  expeiience,  however,  in  this  direction, 
has  been  more  saiBsfaclory.  By  using  an  increased  number  of  needles, 
more  powerful  currents,  and  by  prolonging  the  operations,  several  of 
these  tumors  have  been  completely  dissipatcil.  In  every  case  the 
operations  were  rendered  entirely  painless  by  the  use  of  the  ether  spray. 

Ovarian  Tumors. — The  electrolytic  treatment  of  ovarian  tuniorshas 
of  late  excited  much  attention,  and  wc  can  do  no  better  than  to  give 
briefly  the  conclusions  arrived  at  by  Dr.  Paul  F.  Mundii,  in  a  very 
creditable  resume,*  of  what  has  been  attempted  and  accomplished  in 
this  department  of  electro-surgery. 

He  finds:  ist,  "That  a  number  of  ovarian  tumors,  reiiorted  on  re- 
liable authority,  have  been  completely  cured  or  permanently  improved 
by  electrolysis — out  of  fifty-one  cases,  twenty-eight  or  about  fifty-five 
per  cent. 

ad,  "In  a  number  of  lliese  cases  electrolysis  was  followed  by  dan- 
gerous (thirteen,  or  25.4  per  cent.)  and  even  fatal  results  (nine  out  of 
these  thirteen,  or  17.6  per  cent,  of  the  whole  fifty-one. 

2,Ay  "  Further,  six  cases  out  of  lifty.onc  received  neither  benefit  nor 
injury  from  the  treatment,  and  four  were  only  temporarily  improved ; 
total,  ten,  or  19.6  per  cent.  We  thus  have  a  total  of  twenty  three  cases, 
or  forty-five  per  cent.,  in  which  the  electrolytic  treatment  failed  to  ac- 
complish the  object  for  which  it  was  administered 

6th,  "Notwithstanding  these  undoubted  cures,  the  percentage  of 
successes  of  ouphoro-electmlysis  (55  percent.)  compares  unfavorably 
witli  that  of  ovariotomy  {70  to  80  per  cent. ;  Spencer  Wells  78  per 
cent.,  iu  1876  as  high  as  91  per  cent.).  And  so  also  do  the  deaths  by 
electrolysis  (17.6  per  cent.)  nearly  equal  those  following  ovariotomy 
iu  recent  years  (30  to  30  per  cent,  to  22  per  cent.),  and  far  exceeding 
those  occurring  in  the  last  series  of  fifty-five  cases  of  Spencer  Wells 
(five,  or  9  per  cent.)." 

•  "  Tho  Value  of  Eloctrolj^.i  in  the  Treatment  of  Ovarun  Tnmon,"  by  Paul  K. 
Mundt,  M.U.,  New  Yort:.  Gyivecologioal  TraaucUoos,  1S7S. 
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Polypi. — Naso-pharyngeal  polypi  have  been  treated  by  a  series  of 
ekctrolytic  opera,tioiis  with  success.  Von  Bruns  records  a  notable  case 
of  this  kind.  As  a  rule,  however,  it  would  be  difficult  to  entirely  cure  a, 
noso- pharyngeal  poly|)iis  by  electrolysis,  and  the  treatment  would  be 
ver)*  annojring.  Polj-pi  in  accessible  localities  are  best  treated  by  the 
galvano-cautery  wire-loop.  ! 

Epithelioma,  S^irrhus,  and  ^kcr  Malignanl  Growths, — Malignant 
growtlis  may  be  defined  clinically  as  thosi  growths  whieft  art  liabte  to 
recur  after  removal. 

Under  this  head  may  be  classed  eiMthelioraa,  recurring  cysts  atjd 
fibroids,  encephaloids,  sdrrhus,  and  so  forth.  If  tumors  of  this  kitul 
are  to  be  treated  at  all  by  electricity  in  the  hope  of  permaneat  relief^ 
it  should  be  by  the  method  of  eitclrolysit  of  the  bate  as  already  desctib 
ed,  provided,  of  course,  the  tumors  are  sufficiently  accessible. 

Paiti  may,  however,  be  relieved,  and  in  some  cases  a  reduction  in 
size  may  be  gained  by  the  ordinary  method  of  electrolysis,  or  by  simple 
external  galvanization  or  faradization  ;  and  by  these  methods  also  the 
tumor  may  be  arrested  in  Us  progress  perhaps  for  a  long  time. 

Of  the  different  fonns  of  malignant  growths,  the  best  prognosis  for  a 
permanent  cure,  or  for  a  long  deliverance,  is  in  recurring  cysts  and 
fibroids ;  next  would  come  epithelioma,  of  which  we  have  successfully 
treated  a  number  of  cases,  and  last  of  all  scirrhus. 

Cancers  of  (he  neck  of  the  uterus  have  been  removed  by  galvaiio* 
cwtery,  but  not,  so  &r  as  we  know,  by  electrolysis  of  the  base. 


\'\a.  U4. 

Kemov>]  of  epltheUomn  of  r««  by  electrolysis  of  bnse.  Both  iMCiitWe  ind  posiiirc 
needles  iniicried  in  ilie  ke&Itliy  lUuic  AeneatA  the  ttunor. 

E^theliama  ef  Ike  /ate,  originating  in  an  o/<t  4far,  lix  months  tlanJing,  rrmtOMd 

iy  a  camkinaiion  ef  rltrlroiyjii  9/  the  hatt  aaJ  tkt  gatvanst-eauiery. 

Case  CCIX,— Captain  D.  vrta  brought  to  us,  April  27,   1S73,  by  Dr.  Fessen- 

■len.     The  patient  hn<l  .1  tiimnr  that  appcu«cl  to  be  an  cpiihcUoina,  about  the  ^z« 

of  a  until  walnut,  over  the  zygoBUL     It  bad  dcreloped  ftora  an  old  tear  that  bad 
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vidM«d  from  rhildhood.  When  he  vav  Rnt  broughl  la  n*  the  tumor  haH  hetn  in 
r«i«(cncc  ax  month*.  It  hoil  brcn  Irealnl  by  caiittJci,  hut  ripidly  declined.  We 
decided  lo  Irni  the  tumor  by  e/Mfntfyni  0/  tAr  iajr,  comliinin);  with  it  the  galvura- 
outcT)-,  tf  iiei;cwary  or  coiiveiiieai,  in  order  to  fliorten  iht  DpcnittoB. 

April  3(](h.  Wc  opcntcd,  usutcil  by  Dr.  Kcsscoden,  who  ^ve  the  uucilhctlc  tot 
ten  minutes,  with  eighteen  tlnc-caihon  celh.  Wc  used  the  long  cutting  nMslle,  patt- 
ing one  connected  with  the  parilivc  pole  umJer  the  liitnor  near  the  rdge,  ind  anotttcf 
long  cutting  nc<rd)c  coinnted  with  the  Jiegalivc  pole;  Um  uiuler  the  lUTnor,  And 
parallel  la  the  jKiiiittve  needle.  Tlie  ctectialj'tic  action  waa  mnleratety  lAiang,  and 
(he  growth  was  rapicfly  lonfened.  The  poutiw  n«edl«  becam«  fixvd  in  the  li«u* 
where  it  was  Imliedcleii,  thruush  the  oxidixatloo,  u  ii  alwmjn  (he  ca»e  with  the  pod* 
live  netfclle,  while  aiuuncl  the  it^^aiivc  needle  n  yellowi»h  foam  sppcarnl,  caufcii  bjr 
ihc  mingling  of  the  hjMrogen  ernlvcil  with  the  blood.  The  needle  was  very  loose  in 
the  ItMUc,  and  wc  vrurkcd  it  slowly  lo  Hk  ri^lit  haudatMl  left  until  the  tumor  was  on* 
dermined  hy  the  electrolytic  action,  and  nolhing^  remaineil  but  a  portion  of  the  ibin. 
We  complclrd  ihr  oyipraiion  by  1  nhiwl  wire  connected  with  Byni*'»  nalvano-caulery 
bailor)'.  After  Ihc  luioor  w.u  removed,  wc  worked  up  the  haw,  partly  with  the 
nee<ile4  and  ii«jrily  by  i1ie  heated  i;a]vuio-cautery  wire. 

Both  needlci,  potitive  and  oegativc,  were  plunged  into  the  base  and  edge  of  ths 
tnmori  into  healthy  tUssc,  ancil  aU  was  bloodies^  chaimj,  uid  dry.  Scarcely  any 
blood  flowed  during  the  opentfon. 

The  patient  was  toon  able  to  [c«vc  the  opentting-roora.  Cold-water  dmting  only 
wai  nted.  Some  ploughing  followed,  and  tatisfactory  granulation.  In  nix  wectu  the 
■ore  had  completely  healed,  with  a  moderate  dcatri:^  and  at  the  dale  of  writing, 
Sept.  lilt,  1874,  teventeen  months  ftom  the  lime  of  operation,  there  are  no  ugn*  of 
recurrence;.  The  growth  waa  examined  microscopKally  l>y  Dr.  Orml^iton,  aad  by 
him  |vonoiiii£ed  noaiignuit. 

£.M-gt  tuid  painftU  epitheliawta  of  tkt  Ufftr  tip  ef  severs!  m^nlk^  it^iding—lU 
mffval  hji  6rditiary  eleetrolyas  amd  tkt  mutJud  b/  mar  Jang  uf  tXt  hat* — Satif 
/attary  ktahng, 

Casb  CCX.— Misa ,  a^ed  M^  wu  brought  lo  Ui  by  Dr.  Corey,  October  33. 

1871,  to  be  treated  fur  an  epithelioma  of  the  apper  lip  that  had  diitieidcd  her  for 
KvcTOl  monthly  At  this  time  the  growth  eilcnded  from  tlie  mc«lian  line  lo  the  left 
comer  of  the  lip,  being  aliout  one  inch  in  diameter  and  one-half  an  inch  in  length. 
The  pain  of  the  growth  waa  at  times  very  great,  espcciaJly  when  enpotcd  lo  the  cold ; 
the  ditfigiirement  was  annoying,  and  (here  wai  an  evident  tendency  to  quite  rapid 
increase.  At  the  base,  on  the  inner  sLirfaoe  of  the  lip  and  especially  at  the  comer, 
hard  itodulea  were  eaiily  detected  by  ihe  &nger.  With  the  anstascc  of  Dr.  Corey, 
and  in  Ihc  presence  of  a  number  of  phyaciant,  we  eleclrolyud  the  upper  portion  of 
tbc  growth  with  five  imall  iKcdlcs,  tlirec  connected  with  Ihe.ncgative  and  Iwo  with 
the  potitive  pole.  Fall  anawheiia  was  used,  and  the  operation  lasted  twenty 
ntBBlct.  The  aecdles  were  Intcned  directly  into  the  body  of  the  tumor  and  not 
■rainid  the  hsH.  The  tnetbod  of  working  1^  the  base,  we  had  not  at  that  linw 
begun  to  empJoy.  The  soft  pacts  of  the  lunor  io  the  vicinity  of  the  o(SBt>*«  pole 
decomposed  with  rapidity.  A  yellowikh  foam  was  developed,  wbicfa,  forcing  iu  way 
midcnicaih  the  Stab  tliat  covered  the  tumor,  gradnally  lifted  It  up  and  coropleMly 
del»rhed  it  from  the  body  of  Ihc  j^rowlh. 
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The  parlj  prcMnted  the  unul  chofred  appeKrance  ifter  (he  epentlon,  but  Iben 
wai  little  or  no  pain,  eithn-  in  the  tumor  or  in  the  vtcinitj-.  There  w9.\  however, 
cuiiildcnble  irritxUvc  fever,  tuid  the  fscc  nru  somewhat  iwollcn.  Id  ibc  cour >e  of  a 
week,  the  potlion  of  the  diwaLseil  part  that  had  been  electroljncd  began  to  contract, 
anil  near  the  median  line  healthy  iKtue  appeared.  The  lowei  part,  thai  was  Ultle 
alTeded  by  the  neeiiles,  reinaioed  as  before.  Nov.  9,  vn  afnin  operated  by  the 
method  of  cleclTolysU  of  the  bote  vith  four  n^um  and  one  posiltre  needle  with  the 
same  number  of  cells  (sixteen  linc-carbon)  and  for  about  the  aune  time.  Dr.  Corey 
■dminLueredihe  anoeuhetic,  and  Drx  Armor,  Caldwell,  and  others  were  present.  This 
operation  na*  ninrc  thoroughly  pciformcd  than  the  previous  one,  hut  the  needle* 
were  not  Inserted  Into  the  nmlulei  or  the  Inner  mrface,  but  ooIt  into  the  npeiAoal 
p«rt«  of  the  Kfowlh.  No  b«4  remit  followed,  and  by  Not.  37th  (lie  inmor  had 
contracted  to  one-third  of  ili  original  siie  and  was  healing  rapidly.  The  bcalioj; 
pnoea  continued  cmlil  icamty  any  trace  of  the  diMase  rematRe^  The  healing  wnt 
alBKMt  perfe?) :  there  wa«  on  entirely  nainral  «kin  in  the  region  where  the  tumor  had 
formerly  cxifled,  and  tlie  only  cicatrix  was  at  the  comer  of  the  monih.  Twiichef  of 
[Mill  have  Inkii  fdt  in  the  viciuity  of  the  Kar,  especially  on  cxpotmre  to  cold,  grring 
rite  In  the  nupicion  that  ponibiy  that  portion  of  the  growth  waa  not  tboroi^Uy 
UeaieiL 

It  is  now  threff  yeai^  since  the  patient  waa  nratcd,  and  the  recovery 
may  be  regarded  as  most  satisfactory.  In  reference  to  this  case  it  may 
be  remarked  x— 

1.  If  the  diseased  mass  had  been  thoroughly  separated  from  the 
surrotinHing  healthy  tissues  by  inserting  large  needles,  one  operation 
would  have  been  sufficient,  and  the  cure  would  probably  have  been 
absohite.  This  was  the  first  castr  of  the  kind  that  we  had  treated,  and 
we  had  not  then  employed  the  method  of  working  up  the  base,  and  had 
not  devised  the  long,  sharj),  double-edged  needle  which  we  now  employ 
in  the  electrolyzatton  of  large  growths. 

2.  There  was  scarcely  any  hemorrhage  or  other  unpleasant  symp- 
toms during  or  after  the  operation,  excepting  the  irritative  fever  of  which 
we  have  spoken. 

EpithtUai  tantrr  in  a  lady  Agtd  thirty,  itivolving  the  rtttitm.  vagina,  andtxter- 
nat  farti — Ettven  sferallant  by  ardinary  tltetrafyiit  and  eltetrvfyiii  af  tMetatt  rt- 
mope  tA^  grtwlAj,  alln-taie  pain,  and  modify  vtry  grtatfy  ikt  rapidity  vUA  tahiek 
tie  diitatt  iHhst^utnlty  rfupp^rs — Suiitfiunt  Irtatm^nt  fy  galvano-tatatry  ly  Dr. 
Byrne,  mitk  relit/^Dtaih  ■>/  tkt  paXiemi. 

Cask  CCXI. — The  wife  of  a  physician,  aged  nl)out  jo.  had  fur  eujht  year*  of  her 
married  life  suffcicd  &om  what  waa  supposed  to  be  tcirrhu*  of  the  roctum^  whkli  bad 
hcen  remavcd  by  ligatures  ot  difTcrent  time*  and  l>y  dtlTerent  (urijcont. 

About  three  yea™  before  we  saw  her,  an  epithelial  cwicer  appeared  at  the  entrance 
eftlii  vagina  ;  this  gradually  Increased  in  size  and  protruded,  until  October,  1S71,  it 
•ppcuvd  to  be  about  one-half  as  large  as  a  cauUflawcr,  and  mucli  rcKoibled  one  in 
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appearance  The  diiclinT(^  wm  very  ptofaw  and  very  offensive;  ihepain  (errlVileuid 
alinutt  conttanl.  Tlic  growth  was  evidnilly  uicreiujii|{,  aiid  only  wicK  difficotty  could 
(lie  patient  vralk  nbout  the  hoiue. 

A  more  diilrenang  cue  of  ducue  o(  any  kind  we  had  never  mcd.  Arter  ndi  rt- 
■tovil  of  Iho  luasB  by  the  lig^itiirc,  it  would  apriag  up  almoU  before  the  nighi  and  be- 
come larger  ihan  before.  There  vru  about  it  a  ranknem,  a  ficrccncia,  a  maligciity, 
(]ui(e  anuaual.  Like  rampant  w«ed»  in  rich  loil,  the  more  it  was  cut  off.  Cite  faiter  U 
crew.  Ktcharotics  of  aD  kinds,  as  well  as  cLmdurango,  had  been  tried,  tiie  latlei 
rcDiedy  icenUDg  to  do  irijury. 


..£->■ 


Epiihciionu  of  (he  vagina  and  vidv&   CaaliAowcr  apfMUkoca. 


Vm.  tU. 


'  Appeannccof  graoi^latingbaw  afta  removal  of  a  portion  ofthecpitheliomE  of  vagfau 
and  vidva  by  electrolytic 


The  gal«ano<suitery  had  been  ansgested  by  Dr.  E.  R.  Peaalce,  whom  the  patient 
omaltod,  aad  Di.  Byrne  bad  intended  to  give  it  a  Irta],  bol  deferred  the  operation 
in  Older  to  experiment  with  cundurango.  We  began  treatment  with  esiemal  gain* 
oidtiun  in  order  to  teliere  ike  pain.  The  firU  treatment  accomplished  nothing  ;  the 
ttiird  irenlinciit,  we  cxmnected  an  insulated  rectal  electrode  with  one  pole,  while  the 
45 
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poidrive,  hy  raeaiu  of  t  w«t  (.-tolh,  was  gcatly  puied  ovtr  the  fcij  ae&riltve  RtHiKe  ol 
■he  tumor.  The  iMtioit  vnu  relieved  of  patn  for  «  wbok  oiclil.  Suvfied  with  tht 
remit,  wc  bow  rcwlved  to  ivv;  ihe  n«edlel 

Wah  the  aiAiitutcc  of  Dr.  Rotlon  uui  tke  huslww]  of  Ibc  patient,  we  opefat^•l 
tAtmva  tiroea,  wiih  iiilcrvalt  of  two  or  tbree  wcdu  between  tbe  tiamtt.  Kull  etbcn 
BUiofl  bad  lieea  ublvned  in  eacfa  operation. 

We  ii<«l  tWQ,  ihroe,  or  fotn  needlos  according  to  drcumtlaiKci^  and  both  polti 
wae  iiiiened  Into  the  bwc  of  iIk  |rrowtIi. 

Tbe  fiiM  operaiiion,  Oct.  30,  which  Usted  tweniy-five  ininiitM,  nmavcd  on*-third 
of  the  growth ;  Bnd  bjr  the  end  of  iIk  third  operation,  nil  the  growth  ottenul  lo  tlM 
orifvce  of  the  vagiiia  ins  removed. 

Far  up  in  the  vaginn  the  di>caied  portion  eoald  readily  be  detected,  tpreadiog  out 
in  all  direction*  like  ■  waletmrlon  vine. 

Nov.  151)1,  there  was  locne  evidence*  Oif  a  reappeuancc  of  the  external  growth  id 
Ihoae  pwii  that  were  not  thoroii^jr  electiiMd.  Nov.  tti,  operated  again  by  de^ 
trolywi  for  half  an  hour. 

l>cc  5th.  operated  again  by  elecirolynt  ia  comiection  with  Dr.  Bynic,  who  by  the 
aid  of  his  speculum  applied  (be  i^alvono-cautery  to  the  portions  of  tbe  growth  id  Ihc 
vagina.  Jan.  17th,  again  ojierated  by  the  »ame  method  for  thirty  minutei.  The  ex- 
Icniid  uh^r  canted  by  the  removal  of  the  lonor  bad  hitherto  been  abovl  fnur  incho 
lung,  Ilircc  inclm  wide,  and  one  inch  in  depth,  CxicmUng  born  ibc  middle  of  ihc 
labia  beyond  tbe  anus  on  the  right  ^de;.  , 

This  ulcer  now  begin  to  heal  at  the  edge*  and  to  contract.  Jan.  6th,  began  the 
lue  oftLiirate  of  &iiver,  applied  to  the  ulcer.  Jon.  Sth,  the  discharge  which  hod  cowe 
from  the  vagina  wai  mucb  diminished  and  (he  ulcer  hod  conirBctcd  to  half  the  origi- 
nal NIC     Jan.  aist.  operated  by  electrolysis  in  ihc  vagina  chiefly. 

March  24th,  repeated  the  a]>eratii>n  n4th  long  necdiet,  in  the  vagina,  on  urae  rag- 
ged imrlions  nf  the  growth.  We  were  dow  able  to  awenain  by  digital  eaarnination 
thai  there  wa»  a  jiretly  direct  connection  between  tlie  growth  in  the  rectum  and  the 
one  LU  the  vagina  1  ihey  «ecined,  indeed,  to  be  exicnnunc  frum  a  common  centre. 

Tbcwplum  .It  (he  bawof  tbe  tumor  in  the  vagina  was§o  thin  that  we  much  feared 
•  recto-vaginal  fistula,  and  great  care  wasneceuary  la  operating,  to  preserve  thb  deli- 
cate and  partially  dbor^anlied  il>sue  thai  M|wratcd  the  two  canals.  April  2t,  ag^n 
operated  by  electrolyth. 

Subsequently  the  actual  cautery  was  onc«  mcA,  in  Ihe  hope  that  perliap%  it  nighl 
cau.4e  a  more  thorough  drying  up  of  the  jirofuidy  diicharging  surfoce  in  the  vagina; 
but  the  Tcinlli  o(  itn  une  were  unutinfactory.  The  febrile  condition  Ihftt  ffillowol  waa 
alarming,  and  the  local  pain  was  terrific  for  several  days  after  the  operation.  L>uiii4E 
Ihe  summer,  local  applicaiions  of  various,  kindt  have  been  cscpciimcnted  with ; 
among  others,  a  miKiun;  of  iodine,  iodide  of  potaaivm,  and  glycerine,  which  wu 
enploycd  at  the  niggcttion  of  I>r.  Byrne,  and  with  good  eflitct. 

During  the  year  the  patient  hod  taken  cod-liver  nil,  and  exc«pt  by  intervals  has  liad 
k  good  appetite.  Twice  a  severe  and  prottaclcd  attack  of  sciatica  lias  been  brouglit 
an,  apparently  by  cxpomre  to  cold. 

Ac  one  time  Ihe  |>eticnC  wa.«  confined  to  her  bed,  and  wac  somewhal  hrnerieal. 
Ovring  the  summer  die  cxtcntal  part  of  the  growth  gradually  reappeared,  bat  then 
wa»  no  dllhculty  in  urination  or  defecation  ;  and  hence  we  conclude  that  the  portion 
la  the  lecium  hat  not  greatly  enlarged,  and  at  the  last  examination  the  condilioa  of 
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dw  v&gina  wunoi  icrioud]' altered  Wc have  kII  iloog feared  th&t  Die diinjewoalil 
extcnil  lo  (he  uterus  tiut  exainiaationB  sn&dc  at  ilUrercitt  tiiaei  gave  no  erUlence  of 
tovtilvcnieiit  uf  thai  arK^A- 

The  operation*  were  perrnnnecl  with  &  zinc-carlxin  battcfy  of  eigtitoen  nils, 
fccdil)'  chargnL 

The  connriftging  power  of  the  current  wa»  obfcrvei]  ■!  botli  poles  but  mont  de- 
ddedlf  at  the  poMiiw.  After  each  operntion  ihc  nirfice  prcMnierf  %  d^k  and  lotiM- 
whui  chaired  appciuance,  ai  though  ic  had  been  slightly  boracd  No  tar^e  artery  wu 
Kvcrcil  dunn£  the  operations  hence  it  waa  itot  neccAMiry  to  tue  either  the  ligatnie 
or  pcisulphaie  of  iron.  Diuing  the  winter  of  1S73  Dr.  Byrne  twice  opernicd  ou  Ihe 
external  (torlion  of  the  giowtti  willi  the  (jalvanu-cautcry.  The  result  wai  a  moat 
Mlikfactory  hcalinj;  of  the  external  ulcer.  This  hexlingwaa  much  mor«  pcrmviat 
than  the  heaUnga  that  follawed  electrolfui. 

We  have  given  the  above  cam  in  considerable  detail,  because  of  its 
great  interest  to  surgeons,  and  cspcctally  because  it  ilhistrates  most 
vividly  at  once  the  value  and  the  limitations  of  electrolysiii  in  malignant 
turaOfs.     It  illustrates : 

1.  The  power  of  electrolysis  to  control  henioirliage.  The  growth 
was  so  vascular  that  it  bled  quite  profusely  on  the  slightest  touch,  and 
yet,  under  the  various  and  protracted  electrolytic  treatments  to  which  it 
was  subjected,  the  amount  of  blood  lost  was  but  a  tridc. 

2.  The  fact  that  the  electrolytic  treatment  does  not  cause  shock,  to 
the  extent  that  similar  destruction  of  tissue  by  other  melhods  would  be 
likely  to  do.  Twice,  when  chloroform  was  employed  as  an  aniestheiic, 
the  pulse  acted  badly  and  compelled  us  to  suspend  the  operation  soother 
than  we  desired  ;  but  under  etherization  the  needles  were  used  for  half 
an  hour  and  longer  without  causing  any  shock.  The  tstimulus  of  the 
current,  with  the  occasional  interruptions  that  Are  rc(]uircd,  seemed,  by 
reflex  inlluence  on  the  central  nervous  system,  to  act  as  an  antidote  to 
shock,  as  it  has  appeared  tu  do  in  ulhcr  cases. 

3.  BeRer  healing,  and  later  reappearance  of  the  growth  than  after  the 
operation  by  ligature  and  caustics.  When  removed  by  ligature  this 
growth  sprang  up  with  great  rapidity — in  the  course  of  a  few  days; 
even  before  the  eyes,  as  it  were,  it  seemed  to  enlarge,  and  to  develop 
an  oOensive  discharge  ;  and  the  base  never  began  to  heal,  even  on  the 
edges.  After  thorough  electrolysis  of  the  base,  this  growth  not  only 
did  not  show  signs  of  recurrence  for  several  weeks,  but  an  external 
ulcer  of  large  siie  entirely  healed.  With  the  internal  ulcer  on  the 
feebly  organijted  mucouji  tissues  of  Ihe  vagina  wc  were  not  so  successful. 

4.  The  severe  irritative  fever  that  sometimes  follows  electrolysis. 
Af^er  all  the  operations,  the  patient  was  confined  to  her  bed  for  several 
days,  and  was  more  or  less  distressed  by  intlainmation  and  swelling,  not 
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only  on  the  edges  of  the  ulcer,  but  a.t  some  distaocc  down  the  nates  Juul 
through  the  labia.  The  swelling  of  the  labia  was  so  great  that  dilKculty 
and  paiD  were  expccieuced  in  passing  water.  It  sliould  be  noted,  how- 
ever, that  after  the  operations  with  ihc  galvano-cautcry  and  the  actual' 
cautery,  the  irritative  fever  and  surrounding  inflammation  were  much 
more  decided  and  distressing,  and  fur  that  reason  we  relumed  to  elec- 
trolysis. 

5.  The  utter  inability  of  even  the  most  thorough  and  repeated  elec>  < 
trolyzations  of  the  ba&e,  to  permanently  eradicate  the  growth  in  those 
parts  where  it  was  c&nnecUdwUh  thz  mucous  mcmlrant.  Although  lh4 
base  was  t/torougkly  worted  up  by  inserting  the  needles  into  the  healthy 
tissue  surrounding  it  so  as  to  completely  cut  off  all  communication  be- 
tween the  natural  and  morbid  parts,  yet  the  disease  extended  from  tht 
tagiMa,  until  quite  distant  parts  were  attacked  and  became  saturated 
with  cancerous  degeneration.  The  exiernal  ^oTtwa  of  the  growth  con. 
nected  with  the  perineum  and  nates  was  apparently  eradicated  as 
thoroughly  and  as  succcmfully  as  the  cases  of  epithelioma  of  the  lip, 
previously  reported,  and  the  subsequent  reappearance  of  the  growth 
was  due  to  the  extension  of  the  disease  from  the  vagina,  which  part 
could  not  be  thoroughly  affected    by  electrolysis. 

6.  The  comparative  value  of  electrolysis  and  galvano-cautcry.  The 
healing  after  eleclrolysia  was  incomparably  more  satisfactory  than  after 
the  ligation  ;  but  in  the  course  of  months  the  growth  rerurncd,  appa- 
renily  by  extension  from  the  vagituu  The  irritative  fever  that  followed 
the  electrolytic  operations  was  not  observed  to  any  marked  degree  after  j 
the  use  of  the  galvano-cautcry,  and  more  time  elapsed  before  recurrence. 

Take  the  cose  all  in  all,  its  long  standing  and  wide  extent,  its  ex- 
cessively rapid  growth  and  still  more  rapid  reappearance  after  operation 
by  ligature,  the  frequent  repetition  of  long  clectroly/ations,  and  the 
temporary  benefit  resulting  therefrom,  and  the  opportunity  it  afforded 
for  comparing  ihe  advantages  of  electrolysis  and  gilvanoK:autery,  it 
may  probably  be  regarded  as  without  a  precedent  in  electro-stugery. 

7\v0  general  varieties  of  tanmr  of  breast. — In  their  relations  to 
electro-therapeutics  tb«rc  would  appear  to  be  two  general  vaiicties  of 
tumors  of  the  breast ;  one  variety  in  which  all  or  nearly  all  the 
mamma  is  involved,  and  which  is  very  hard,  frrtn,  and  unyielding,  the 
skin  being  tense,  glossy,  and  indicating  inflanimation  and  induration. 
The  variety  is  more  obstinate  and  unyielding ;  tlie  pain  may  be  re< 
hcvcd,  but  the  tumors  do  not  grow  smaller  under  the  action  of  the 
current ;  they  can  be  diminished  in  size  or  removed  only  by  actual 
destruction  of  the  tissue. 
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In  the  olhcr  variety  the  tumor  involves  but  a  limited  portion  of  the 
breast ;  llie  »kin  is  not  tense,  but  is  sofl  and  yielding,  and  or  the  naluul 
color ;  the  growth  is  felt  as  a  nodule  betieath  the  skin,  and  the  pain  is 
not  usually  so  severe  as  in  the  other  variety,  and  the  growth  is  much 
slower.  This  variety  is  the  one  that  is  most  disposed  to  yield  to  elec- 
trical treatment.  Not  only  is  the  pain  relieved,  but  the  tumors  gro* 
softer  and  smaller.  In  other  cases  their  advance  is  arrested  by  the 
treauiiciit,  so  that  they  remain  stationary  for  aionlhs  or  years. 

Whether  what  we  call,  for  cotivciiieiice'  sake,  and  for  clinical  reasons, 
only  two  varieties,  arc  really  bnt  different  stages  of  one  variety  ;  whether 
the  latter  may  sometimes  come  under  the  head  of  abscess,  or  of  the 
alroijh)nng  cancer  described  by  Billroth — these  questions  we  resign  to 
the  pathologists  of  the  future. 


Sctnbiu  of  the  breu4  treated  by  ordburr  electrolyda.  Three  needles  connected 
wilh  nccativn  pole  in  body  of  tumor  ;  connection  n»de  by  a  tponge,  the  positive  pote 
U  the  IndiRerent  point  on  the  lupus. 


SrhrMut  c/  Iht  it/t  tretui  in  a  viomaH  it/^ttf  fariy^fiw^CMnplete  and  inHanl  relk/ 
/rem  aierMeiatitg fain,  ond  in  tk*  teurtt  «f  f^nr  dayi  duapptaranti  0/  ant-kni/ 
(ht  grtvflJk  /r^n  ^nt  lUtlr^lytie  a/rraiivn—Xf/nKfttiKM  of  tJu  distatt  to  Ikt 
bfwiU,  rftuUing  in  dtath. 

Case  CCXII.— Mr*. ,  aced  about  45,  an  inmate  of  Bclkvuc  Hospital,  wu 

olTcciod  with  caoccr  of  (he  left  breast. 

Tlie  main  pnttion  nl  the  Kitrhtn  wax  llie  "Axe  of  an  ordinary  oran^^c,  and  eitend- 
in|;  Inio  ibe  axOU  were  a  nambsr  of  canccrout  Bodutei  «f  coii^en.ble  m«. 

The  surrounding  and  intervening  tiasne  was  as  hard  and  unyieldini;  u  the  Inmor 
itielf.  Tbe  proce»  of  tuppuriuion  was  beginning  to  manifest  iudf,  and  for  several 
weeks  the  patient  had  suflcrcfi  night  and  day  the  most  excruciating  pain  through  thu 
liiwased  parts.  The  lirit  opcrRtbn  was  performed  in  one  of  the  wards  of  the  hos> 
pilal,  in  ihe  presence  uf  IVof.  Krank  M.  Hamitlun  (who  hod  requested  lu  to  opctale 
by  the  declrolytic  method]  and  Itts  prirale  cUu.     The  patient  having  been  clhenacd, 
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wc  mUroduced  deeply  into  tlw  upj^er  portion  of  the  breact  three  gilded  neadln,  aai 
with  a  luuitb  tnatiixcd  Ihc  latgett  of  lh«  axUlary  nodules.  The  fxMitive  pol«  (■ 
large  muitt  iponce)  wu  applied  to  the  ondci  portton  or  tbc  glknd.  No  vny  Jrcidcd 
chunge  wu  tosnire*!  in  the  appcuuice  of  thcmu*  doriaf  tbe  uper&tion  ollio  Itiao 
some  pulSng  up  of  lli«  tkin,  dne  to  live  disengaged  bjrdfogen  ;  but  vcrjr  toon  »ha  tt 
bq^on  to  docraue  in  tiie,  and  in  one  week  not  onl)'  had  oil  tik«  hutlawK  of  tl>e  hot- 
rounding  linne  and  all  the  aHiUary  enUrgcinenls  catifdy  diiapjicaxed,  bat  ih« 
mimmuy  tumor  had  decreased  in  ti/eat  lost  one-haU.  The  munt  grateful  rcUef  iIk 
patimi  experienced,  bosrever,  was  the  complete  Atid  sccmin^Ly  permanent  disaipalton 
or  pain.  In  ten  dajrs  we  a^n  operated,  and  by  the  same  method,  m  the  amplii* 
theatre  and  b«(are  I>r,  Hamilton  and  the  regular  dan  of  the  college.  On  the  fbl- 
lowtnsday  tbe  patient  felt  u  comfortable  that  she  left  tbe  bo»pital,  and  in  a  we^'s 
time  pretenteJ  berMlf  for  examinatiati,  when  it  wa*  found  llaat  there  Iwl  been  i  ttill 
fuiOier  dctrcaw  in  the  use  of  tite  minor,  ^k  ttiU  ranainod  caltxdy  free  fron  pain, 
and  was  detighicd  with  the  reaalts  of  the  treatinent.  Hon  uofonunatdy,  wc  now  lo« 
iight  of  the  patient ;  but  a  tew  month*  nibfe(|uently  tit€  reiamed  to  the  brtfit?!,  tattt.*- 
tng  from  malignant  dlxeaM!  of  the  inteuinc,  of  which  she  died. 

The  followii^g  is  a  coDdeused  report  of  a  case  treated  by  us  Id  co- 
upetation  with  Dr.  A.  B.  Crosby.  We  give  it  substantially  as  detailed 
by  liiiii ;  • 

A  tas€  of  tdrrhtu   of  the  rtttuKt — Rtlitf  of  tymftomt — Satufaftffry  ktaiing— 

Dtath. 

Ca**  CCXtlL. — Mr».  L  ,  aged  60^  a  lady  of  a  nemrgas,  but,  on  the  whole,  ofa 
healthy  tcnipennient,  came  under  our  care  Nov.  7lh,  1871.  For  three  years  ihe  bad 
been  suffering  from  a  tumor  of  the  rectum  I  hat  was  evidenily  of  a  malignant  cbme- 
ter— such  ai  lea»i  had  been  the  o^ntan  of  the  large  nuuiber  uf  pliysiciansand  «irB<eoDt 
who  had  seen  the  patient,  llougien  were  rre<]uently  inserted  and  v&rioua  ranediei  had 
been  tested— among  olhers  cnndiiTango.  which  the  patient  thou|i:hl  aflarded  iiotiK  relieC 
On  exuninaiion,  it  was  found  that  thefjrowth  euended  about  throe  indte«np  (be rec- 
tum, forming  a  hard  ring  and  a  itriclure  so  narrow  in  the  op^r  portion  as  hardly  to 
admit  the  end  of  the  indrx>fi tiger.  The  patient  was  (0fm«nled  with  flalnlencci  and 
the  dirtit"  in  the  region  of  the  itinor  and  of  the  nerves  that  ntpplicd  it  was  very 
great.  The  pain  in  deft-cation  was  tcvere,  and  the  pasagcs  were  snail  and  very  fre- 
(|uent.  She  was  able,  however,  to  go  about  the  bouae  more  or  less,  and  ocouionally 
rode  out. 

We  began  treatment  tty  locatiEe*!  galvanixalion  externally  by  variom  fomts  of  rectal 
electrodes.  It/  Ihew  applications,  there  was  a  decided  and  grateful  relief  of  tbe  pain 
and  of  the  flatulence.  This  relief  continued  so  long  as  thii  met  bod  of  ireatmcni  was 
used. 

January  yih.  187a,  Dr,  Crosby  ruptnied  the  sphincter  with  the  uslstaDce  of  Dra. 
Reew  and  Ostrandrr.  who  administered  ether.  We  operated  with  a  nnc-earbon  hat- 
tery  on  iheM  protnbentnces  by  the  ordinary  method  of  deeiT<3lyn&  The  osual  sniall 
neplles  uere  UMd.  The  operation  was  followed  by  aoine  irritatirc  fever,  tint  the 
patient,  ou  the  whole,  bore  It  caceElcntly,  and  the  whole  growth  was  rdaaed  a>  that 
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pawgw    vrcrw  Mwf.     Three  uecki  a^tv  the  operation  ttw  paliont  w»  nrj 
much  better,  And  went  round  the  Iioum 

The  Dpcncion.  which  Ivied  futlj-  iiiinutc*,  including  ixitcnniAJoiU  coiiiutod  ic 
inseitmf  ODC  needle  connected  willi  Che  poutive  pole  intu  [be  body  o(  the  erowlh, 
while  the  negative  needles  were  nin  through  the  base  and  made  to  nvrA  araunt/  the 
inside  of  the  rectum  nl  the  Ihuc  of  the  tumor,  ai  Tu  ju  it  wa<  deemed  {irodcnt  to  go. 
Tbegruwih  wa«  mouly  removed  in  this  manner,  and  with  vetr  little  hcmafrhage. 
The  entire  thirty-two  cells  were  employed,  and  the  patient  wai  kept  under  ether  lot 
two  ItDiira.  Irriiaiive  fever  followed  the  operatian  for  five  daj*.  7'fae  piilte  went  up 
to  120.  There  vat  some  flatulenoo  and  pain  in  the  abdomen,  but  no  positive  tender- 
DCM.  There  wu  curuidciable  oreihral  kritftlioo  and  dysaria,  and  ilie  urine  wai 
drawn  by  a  catheter. 

In  a  few  day%  the  patient  was  able  to  dixharf^  large  and  well<(onncd  fieces.  For 
alNMit  a  month,  there  was  nome  diicharge  from  the  rectuni,  hut  no  xymptnm*  »< 
pyatmia,  oi  of  pcrilonitif  or  of  celluUtit  that  might  be  fc^xrccl  from  mi  foimiJalilc  ui 
operation. 

From  May  to  June  there  vm  but  liltLe  paui  in  the  tectum  comparatively,  and  the 
patient  was  able  to  walk  about  and  to  |[a  out, 

May  15th,  the  patient  rode  nut  with  comfort,  and  ^e  Etroofily  bopod  that  tha 
relief  would  be  i^erBiJinent ;  but  there  were  Hgnt  of  a  rertirrence  of  the  growth,  in- 
creasing tirictiiie  aiid  indvratiun,  and  ihe  fxces  i^ulually  Wliiqc  Miiatlcr. 

During  all  ihti  lime,  Ur.  Croatiy  wa«  in  llie  liahit  of  introducing  ipong^tsnti  ol 
good  nie  about  every  weeV  or  t«n  dayn. 

Dr.  CTo».by  beini;  called  away  July  isi.  Dr.  George  K.  Smith  wat  called  in,  and 
tugice&ted  the  use  of  ox-gall  tnjectiuo  to  soften  the  ficces.  Thla  suggettltMi  was  acted 
apun  witli  good  raults. 

The  patient,  who  was  subicriiicnlly  seen  by  Dr.  Cotton,  gmdually  grew  weaker 
duriDg  the  exceuive  heat  of  the  summer,  and  died  October  27th,  1S72,  appareatly 
from  exhaoilioa. 

Dr.  Ciosby  thus  epiloiiiizes  tfae  iniporUDt  feattires  of  this  case  in  its 
clectro-sorgical  aspects : 

"  Thxt  this  growth  was  malignant  was  evident  Troiii  Ihe  history  of  the 
case  and  ait  the  syiuptoms,  and  was  established  by  the  microscopic  ex- 
amination of  Dr.  Spier.  1  am  disposed  to  believe  that  if  the  tumor  had 
been  in  a  position  where  it  could  have  been  more  readily  reached,  and 
where  the  te^/e  growth  and  fAe  adjaeeni  parts  could  have  been 
ttioroti^hly  eleclrolyzed,  the  results  would  have  been  very  inucli  better. 
As  it  was,  it  sectncd  unjtislihable  to  interfere  too  seriously  with  the  gut, 
lest  wc  might  destroy  it  and  produce  recto-vaginal  fistula. 

"The  stricture  extended  upward, about  three  inches  above  the  anus. 
aitd  ranged  from  threoiiburths  of  an  inch  to  an  inch  in  breadth. 

"  It  was  only  at  one  point  anteriorly  that  it  extended  higher  than  three 
inches.  At  this  point,  a  little  indurated  tissue  could  not  be  removed 
without  endangering  the  recto-ulcrine  pouch  of  the  peritooeum. 
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"  Whatever,  then,  might  have  been  hoped  in  case  die  removal  had  becc 
abaulutely  coniptcte,  it  was  certain  that  the  discA&e  must  cootinue  to 
ilevelop  in  this  particulai  case.  Anatomically,  three  inches  of  the  rec* 
tiini — that  is,  that  portion  within  the  perineum — may  be  safely  removed 
by  the  knife  even.  In  the  above  case,  the  spear-|N>intcd  electrodes 
brought  away  a  large  annular  mass  of  scirrhus  when  the  operation  was 
performed. 

"  This  was  followed,  a  few  days  later,  by  the  separation  of  a  l^ge 
annular  slough,  and  the  rectal  wall  was  left  soft  and  free  from  disease, 
except  the  small,  indurated  spot  that  extended  above  the  floor  of  the 
pelvis  and  could  not  be  safely  removed.  It  is  a  fair  question  whether 
if  the  operation  had  been  done  earlier,  radical  improvement  might  not 
have  followed. 

"  \  point  of  practical  conveaieoce  was  seen  in  the  method  adopted 
to  reach  the  stricture. 

"  I  first  completely  ruptured  the  sphincter  ani,  so  as  to  induce  com- 
plete relajcation.  A  piece  of  two-inch  lead  pipe,  about  two  inches  in 
length,  with  a  handle  soldered  on  one  side,  made  an  excellent  speculum, 
which  was  pu&hed  up  to  and  brought  the  stricture  fully  into  view. 

"  Through  this,  it  was  possible  to  carry  the  spear-shaped  electrodes 
through  the  stricture  with  ease  and  certainty,  and  move  them  freely 
around  the  circumference  of  the  bowel. 

"  This  case  showed,  what  I  have  witnessed  in  other  cases  treated  hf 
electrolysis,  no  primary  tlioclc. 

"  The  irritative  fever  which  followed  was  very  marked  for  some 
days,  but  there  was  no  primary  disturbance,  either  of  temperature  m 
pulse. 

"The  removal  immediately  by  the  electrodes  and  secondarily  by 
sloughing  of  so  much  tissue  necessitated  free  granulation. 

"  The  repair  which  followed  was  unusually  rapid.  In  fact,  in  this 
and  in  other  cases  treated  in  the  same  way,  I  have  been  impressed  with 
the  fact  that  proliferation  is  very  rapid  after  electrolysis. 

"  In  this  case,  the  granulating  surface  healed  rapidly  and  completely. 
We  anticipated,  independently  of  any  recurrence  of  the  disease,  decided 
Contraction  of  the  cicatricial  tissue. 

"  Electrolysis  did  not  save  the  patient's  life,  but  it  was  more  efficient 
than  any  plan  of  treatment  I  have  seen  adopted  in  these  most  disties»- 
ing  cases."  % 
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EttirpatUK  of  a  vtammary  nnetr  ty  lAe  kni/e,  /ellovtJ  6y  t»mptelt  JeilruttUm  9/ 

Ike  iindtrlying  litme  iy  eltelriflytif — Rui^ptartittt  ef  the grvrt^k. 

OaskCCXIV".— Mr*.  1 1 . ,  «  m«rHetl  Uily,  kgcd  about  forty,  c«mc  under  our  obxtva 
lioii,  [hrough  the  Ltniinru  uf  Vmi,  J.  L-  Cabell,  of  \h/t  Univcnily  of  VirgiDUL  The 
palleiU  was  iuflcrini;  froin  cancer  (Kirrhui^)  of  Ihc  left  breut  of  about  ihc  tiic  of  an 
ordiniry  orange,  and  in  addition  one  of  ibe  axlUary  |[Unds  was  vnlarged  lo  the  pro- 
portions of  on  ordinary  biclcory-niiC. 

She  had  observed  while  in  India,  eighteen  yean  before,  a  tmoll  lump  in  the  bieast, 
but  during  all  Ihe  yeart  of  ber  nndsan  In  ihnt  climate  it  rcmi.Lnat  ilationary  and 
nercr  annoyed  ber.  About  eighteen  months  before  we  savr  her,  the  left  India  for  Eng- 
land, and  soon  after  arming  in  that  colder  and  dami^cr  atmoiphere  the  lutnp  )>^in 
to  enlarge.  Daring  t  he  pr<x-eu  of  its  g^^^tl^  >^c  ^^^  niffcred  from  occational  neural- 
gic pains,  but  of  no  ^<etX  levully. 

On  June  {3,  19,  and  sS.  1873,  we  opcrateil  by  ilieotdSnnry  method  of  electrolysis, 
on  eauJi  occaUon  inLrodiidng  three  needles.  Thctc  efforts  raercly  resulted  in  a  softer 
condition  of  the  tumor,  with  poulbly  lome  flight  diminution  in  siie,  and  we  deter- 
mined to  extirpate  the  growth,  and  to  destroy  the  nirrounding  tissue  by  tbs  under- 
mining cleclrotylic  process.  The  patient  went  to  her  hone,  and  in  October  ifae 
relvmed  and  uibmitlcd  to  the  radical  operation.  Instead,  however,  of  taking  awny 
ibe  liinior  by  llie  proce«  pro(jo«d,  we  secured  the  services  of  Dr.  A.  B.  Crosby,  who, 
on  the  c^bih  day,  after  the  patient  had  been  thoroughly  ethcrited  by  Dr.  N.  B, 
Emerson,  quickly  rEini.>vcd  both  the  brezit  and  the  enlarged  gland  of  the  axilla. 

We  had  at  band  an  appliance  coinsiuing  of  Mmc  twenty  poiot«,  projecting  from  a 
metal  plate  an  inch  and  a  half  lung,  by  on  inch  In  width. 

Tbb  contrivance,  which  wc  call  a  barrow  electrode,  wis  placed  on  a  portion  of  tbi 
torface  of  the  wound,  and  the  operation  waa  eontinned. 

I'he  needles  penetrated  somewhat  into  the  expowl  lisues,  and  the  electrolytic  pro> 
cess,  which  vran  at  once  begun,  gave  evklence  of  its  usual  activity.  Hydrogen  was 
dcYeloped  in  abnndaace,  anil  the  tinues  changed  in  color  and  connslcncy,  and  rapid 
and  oOBifdcte  destrucli»n  foLlowod  to  a  considerable  depth.  By  <lm  method  the  wlivle 
of  the  freely  exposed  Mirface  wis  worked  over  and  destroyed,  and  those  porliunt  that 
wcrenore  er  less  hidden  were  treated  by  two  or  three  ordinary  electrolytic  needles. 
U  was  Bceevarj  lo  observe  wme  caution  in  the  regulation  of  the  strength  of  the 
runcnt  and  the  positi-^n  of  the  poles,  for  when  the  current  w»s  incrcosol  above  a  cer- 
tain point,  or,  through  the  position  of  the  polc6,  alfecied  too  directly  the  [meumo- 
gastric  nerve,  Ihe  heart's  action  became  most  markedly  lowered  Ixilh  In  (requen cy  and 
force.  On  modifying  the  intloence  uf  the  current,  hotrever,  the  circulation  became 
ts  strong  as  usual —for  a  mnmcnl,  indeed,  there  was  an  increased  rigor  in  the  rcocliofL, 
The  suppuration,  which  was  quite  profuse  for  a  time,  was  followed  by  a  healthy  gra. 
■alattng  surface,  and  in  tea  days  the  patient  was  aulficienlly  recovered  to  return  tt) 
Virginia,  wbere  the  healing  proceai  progiened  favorably  thmughout. 

Some  six  months  svbaeqnently  the  growth  began  10  reappear,  and  will  imdonbted)^ 
i«Hroy  the  patient. 


The  abore  hjstoiy  is  of  ioterest,  simply  as  an  illuslration  of  tlic 
special  mcthotl  of  trcaltiienl  employed.  The  case  sras  of  many  yean' 
standing — fur  two  years  die  gromrth  liad  been  consMntly  enlarging,  ii> 
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volving  the  axillary  gbnds — hence  it  cannot  by  any  means  be  tegardc 
as  a  test  case.  Of  the  two  uictliodfi  of  treating  scirrhus,  v'u.,  the  re* 
moval  of  the  growth  by  Ihc  electrolytic  process  alone,  witliout  the  use 
of  the  knife,  or — as  in  the  case  just  related — extirpation  by  the  knife, 
with  the  subsequent  employment  of  electrolysis  for  the  pur[mse  of 
destroying  the  reproductive  power  of  the  disease — the  latter  seems,  at 
least  to  one  of  the  authors  of  this  worlc,  decidedly  preferable. 

ily  this  method,  Although  two  distinct  ojierations  arc  performed,  le« 
time  is  consumed  in  the  opcratioti,  and  it  is  possible  more  effcctuallr, 
and  to  a  greater  depth,  to  destroy  the  underlying  lis$tie. 

Reiief  of  the  pain  af  cancer  by  gatvanisattoH, — So  long  as  we  are 
able  to  do  so  tittle  loiratds  the  radical  cure  of  the  worst  forms  of  cancer, 
it  can  never  be  amiss  to  dwell  n|>on  any  means  that  nill  even  for  a 
time  relieve  the  awful  agony  that  so  frequently  attends  it 

It  is  not  sufficiently  understood  what  a  magic  influence  an  intelligeotly 
directed  application  of  the  constant  current  exercises,  as  a  rule,  over 
the  throbbing  pains  of  scirrhns,  especially  of  the  female  breast.  The 
woman  at  Bellevuc,  we  referred  tu  in  Case  CCtX.,  p.  714,  had 
suffered  most  severely  for  uiany  weeks,  .'\flcr  the  first  introduction  ol 
the  needles  every  %'e8tige  of  pain  left  her,  and  during  the  two  we«ka 
that  she  was  under  observation,  before  leaving  the  hospital,  she  was 
entirely  comfortable.  A  nunilicr  of  sbnilar  cases  might  be  recorded, 
but  we  will  offer  only  the  following,  which  is  perhaps  of  more  interest 
than  the  majority : 


An  immense  uUeratimg  tdrrkiu  «f  tkt  hrmti  tittfttdti  ^  tht  most  exertuialing  ami 
tumUnl  agony — /fa  rt}itf  ffUowi  t/tt  tuf  «f  tkt  gmlvan»-eaitrry  «r  tlfctrdytis, 
Attt  hy  €xltTK»i  xalj/anisitticn  the  faim  it  kept  atmoit  tntirtfy  tn  atrjf^nf* /tr 
m^ntht. 

Cask  CCXV.— In  Pchnury,  1873,  Mti. ,«  pftlient  oC  Dr.  Everett  Hemck, 

c«mc  to  u«,  K«klng  relief  Trom  an  iiiiiiien««  ulceraiing  cancer  of  lli«  breast.  The 
tumor  had  been  removed  wore  ll1a.11  ■  year  prev-iousty  \ry  Dr.  W.  H.  Van  Bvoi, 
bill  the  wound  did  nut  cniirely  licaJ,  and,  a  few  moDihssiibietjiHntly,  the  ulccratin 
process  bcg&n,  and  steadily  progressed.  For  many  months  the  fain  from  which  itu 
suffc^rcd  had  t>ecn  of  nniuuAl  severity, 

Jiy  the  advice  of  ber  phyncinn^  above-uamed,  dc  wai  submitted  to  localtaed  gal- 
vaniulkin  oi  the  muiuI  poiliuii»  siuirounding  the  ulcerating  part,  and  by  frequent 
applications  the  iulenw  pains  were  far  nearly  four  tnontbn  held  in  nlmocl  coinplele 
abeyance.  At  limes  howerer,  her  nifrcnngs  were  most  intense,  and  worHi  Ml  to  «■- 
ptet*  the  initanlaneou*  aniJ  absolute  rtlicf  that  invarlxbly  followed  the  (teatnicnt. 
We  would  occationilly  find  lier  \a.  titc  inorningsoffcring  most  acuidy.  An  applica- 
tion would  dl^paie  the  pains  and  for  twctily-four  hours  fretjnently,  and  Knnclinte* 
for  forty-eight,  the  would  move  about  and  tat  in  perfect  comfort.     In  the  latter  part 
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i-f  Mny  it  was  obtcrved  that  the  current  did  nol  ftlToTd  the  Mme  TcGef  as  Awtnerljr. 
The  cluractcr  of  her  sulTcrint^  hnd,  however,  changeJ.  In  the  plnce  of  ihe  ihvp, 
khoottn;  pnini  itmnUiin^;  n«umlcia.  the  distress  conii&ted  in  a  coiuianl  burnjnjr  and 
itching,  which  armaycd  her  more  ore  Ics*  until  her  death  Mine  few  months  Eubw- 
qucnily.  Ii  must  be  remarket]  that  het  Inter  suffefings  were  nol  to  be  compared  with 
ihoK  which  the  current  w  effect uiUI)r  aJitiyed. 

Wiu  the  change  in  the  churacter  of  Iter  pain»  the  leitUt  of  the  calvantxation,  or  i^ 
it  prohnblc  thai,  if  lefl  to  nature,  the  characierintic  neuralgic  paint  would  in  the  same 
way  have  b«on  replaced  by  the  lew  distressing  symplomt  of  Itchios  «ad  bnioiDS  ? 

It  is  Impoiaible  to  say,  but  it  teems  reasonable  to  atlnbute  Ihe  changed  nctioin  to 
the  inlluencc  of  trestnient.  Ji  is  proper  10  *ay  tliai,  daring  the  doutm  of  treaimenti 
ire  operated  in  the  presence  of  Drs.  V&n  Burcs  and  Hcrricl:,  hf  both  ibc  golvano' 
cMlcry  and  Hectralyals,  witli  the  vabi  hope  of  modifying  In  some  d^ree  the  profow 
and  offeniivc  discharce  and  checkinj;  the  rapidity  of  the  ulcetative  procen.  Thla 
«we  was  alone  suffjcietn  to  teath  the  iiecessily  ofoire  in  the  application  of  electricity, 
and  to  c<.'nfirra  the  ttatcoicnt  ll»I  it  a  not  %o  much  electiiciiy  that  relieve*  and  caret 
M  the  method  of  using  iL  An  application  too  prolonged,  or  with  a  current  of  loo 
t^eat  tension,  would  not  only  fail  to  relieve,  but  on  the  concmy  dc!:i4ledly  assnivatc 
thedisUsu.  The  cathode,  applied  to  (he  icai  of  pain,  did  not  relieve  as  did  the 
uod*. 

Tlie  pnm  was  for  some  time  overcome  by  simple  locaiHted  galvanbation,  but  dor* 
lag  the  last  weeks  of  Irmiment  the  a  implications  were  effectual  only  when  the  elec- 
trodes were  separated  a*  far  »»  powible 

Adttnitu. — Ktilargcd  glands  of  the  neck  or  groin  niay  be  treated  by 
external  faraili/aiitm  with  strong  currents,  intemtpted  80  as  to  break 
ap  the  {;land&,  xs  recommended  by  Meyer,  or  by  cstemal  galvani/a- 
tion,  or  by  electrolysis. 

The  prognosis  15  very  capricious.  In  some  cases  the  enlargeraenta 
diminish  quite  rapidly,  and  entirely  disappear ;  in  other  cases  they  are 
as  obstinate  as  scirrhus  of  the  breasL  In  one  case  referred  to  us  bj 
Dr.  C.  L,  Mitchell,  an  enlarged  parotid  gland  was  treated  at  first  by 
external  faradization  and  galvanixation  with  the  elTect  of  hastening 
suppuration.  After  the  tumor  was  opened  the  inner  portions  wero 
treated  through  the  opening  by  mild  electrolysis,  and  the  tumor  speedily 
di5ai>peaied. 


CHAPTER  V. 


AHBinUSUS   AND    VARI  .'OSE   VEINS. 


In  the  Ucatinciit  of  aneurism  the  great  end  sougKt  is  coagulation,  A 
knowledge  of  the  differential  action  oT  the  poles  in  producing  coagula- 
tion ii  essential  to  an  intelligent  use  of  electricity  in  treating  anenmm. 
Coagulation  lakes  place  at  hoth  poles  of  the  galvanic  current ;  that 
at  the  iKisitivc  pole  being  sruaU,  hlack.  and  hard  ;  and  that  at  the  nega- 
tive being  larger,  softer,  and  of  a  yellowish  color. 

Anciirisnis  may  be  treated,  with  greater  or  lesis  success,  according  to 
their  sue  and  portion,  the  condition  of  their  walls,  and  general  health 
of  the  palient,  by  either  of  the  poles,  or  by  both  combined. 

The  best  iiiclhod  for  the  majority  of  cases,  certainly  for  aneurisms  of 
any  considerable  sire,  ts  to  use  both  poles,  and  a  large  number  of  needles 
that  arc  insulated,  so  that  ihe  current  will  not  act  on  the  vails  of  the 
aneurism.  In  the  treatment  of  aneurism,  e&pecially,  careful  insulation  U 
needed,    'j'he  advantage  of  using  both  poles  is  twofold. 

^irst, — A  double  clot  is  formed,  one  at  the  positive  aud  the  other  at 
the  negative  pole.  Although  the  negative  clot  is  soft  and  yielding,  still, 
in  combination  with  the  positive  clot,  it  i.*  of  decided  service  in  closing 
the  aneurism  ;  and,  so  l^r  as  tve  can  ascertain,  there  is  no  evidence  that 
emboUsm  is  ever  caused  thereby. 

SeionMy.  The  rcsislance  is  greatly  reduced  by  placing  needles  con- 
nected with  both  poles  in  Ae  sac,  so  that  the  electrolytic  action  b 
very  much  more  effective  than  when  one  pole  is  ^aced  on  the  surface 
of  the  body.  The  blood  is  the  portion  of  the  body  that  best  conducts 
electricity  ;  and  when  both  poles  are  inside  of  the  sac,  and  near  to  each 
other,  as  of  course  they  must  tie,  a  mild  current  will  cause  vigorous 
electrolysis.  On  the  other  hand,  if  one  pole  be  applied  by  a  wet 
sponge  Co  some  indifferent  point  on  tlie  surface,  a  strong  cairent  is 
needed  to  produce  a  clot,  and  a  long  operation  ;  and,  unless  the  sponge 
on  the  surface  is  occasionally  moved,  it  would  c«use  great  pain  j  and  if 
the  patient  is  under  an  anesthetic,  a  blister  may  be  caused.  As  the 
negative  pole  is  more  painful  than  the  positive,  when  fhe  positive  alone 
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is  in  the  aneurism,  the  negative  tfo  the  nirface  may  be  vciy  uncomfort- 
ablc,  even  with  a  feeble  airrcnt.  We  arc  aware  that  tolerably  good  re- 
sults have  been  secured  in  many  cases  of  aneurism,  and  eajKcially  by 
the  English  surgeons,  by  the  positive  pole  alone  ;  but  we  suspect  that 
better  results  might  have  been  obtained  if  both  poles  had  been  inserted 
into  the  sac.  At  all  evenu  the  use  of  both  poles  ^ould  be  thoroughly 
tested. 

In  the  electrolytic  treatment  of  aneurisms,  as  in  so  many  other  elec* 
trical  applications,  it  is  an  advantage  to  have  a  iheostate,  so  as  gimdually 
to  let  the  current  on  or  off  without  sliocfc. 

Siatistiei  of  Anturijm  treated  by  Eteciridiy. — The  published  slattt- 
tics  of  aneurism  treated  by  electricity  arc  of  little  or  no  value,  and  for 
two  reasons  :  i.  They  represent  experiments  made,  in  a  large  percent* 
■ge  of  the  cases,  by  those  who  are  but  little  familiar  with  Electro- 
Physics,  or  Electro- Physiology.  Quite  freiiucntly  the  poles  have  been 
confoandcd,  so  that  it  is  impossible  to  tell  whether  the  positive  or 
negative  is  used,  and  from  many  of  the  accounts,  it  is  impossible  to 
tell  even  approximately  the  strength  of  cwrent  employed. 

s.  The  statistics  are  derived,  in  part,  at  least,  from  canes  that  are  re 
ported  too  early.  The  temporary  relief  that  results  from  the  coaguluiu 
formed  in  the  aneurism  by  the  chemical  action  of  the  current  has  been 
inler^iret«l  as  indicating  a  perfect  recovery. 

Some  of  the  cases  hastily  reported  as  cured  probably  died  soon  after, 
if  not  before,  the  account  of  their  recovery  wut  fully  in  print. 

For  these  reasons  we  omit  alt  the  statistics  that  have  appeared  on 
this  subject ;  preferring  the  general  average  opinion,  so  far  as  it  can  be 
obtained,  of  those  surgeons  and  electro-therapeutists  who  are  best  qua], 
ified  to  speak  on  this  subject 

Our  general  conclusion,  derived  from  many  experiments  on  animals, 
from  actual  experience,  and  from  a  compaiisoa  of  the  various  observ*' 
tions  that  have  been  made  on  the  subject,  is  that  for  those  varieties  of 
aneurism — such  ns  the  thoracic,  abdominal,  and  so  forth — that  cannot 
well  be  treated  by  the  old  methods,  and  in  some  cases  for  those  that  are 
acceasible  to  other  treatment,  galvano-punctore,  rightly  performed,  may 
beof  great  service  iii  relieving  the  accompanying  symptoms,  inprolong* 
iog  life,  and  may  now  and  then  achieve  a  radical  cure. 

The  following  case  is  condensed  from  the  published  account  of  Dr. 
Keyea,*  in  coHjpcratJon  with  whom  the  opcralioui  were  made  : 


'  New  York  Medical  Joaniftl,  D«oenhe«,  1S71. 
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Anmrittn  of  ^demiHal  ofirU  fretUetf  fy  ffafeam»-/mmtttrt — RtUtf  tf  tympipmt~ 
Death  and post-mvritvt- 
Cask  CCXVI. — A  wklovr,  43yeM«af  iLgc,  had  been  nfflicicd  for  wmaj  mamlu  witk 
*  "  tweUing  id  her  MoaiKfa,"  that  all  tbe  MiTKeou  rcfard  as  anenrim  or  tbe  rapenof 
meKiilcric.orof ihcaortL  Thepaticnt wuinCbwity HotptiaL  Then wu paia in tha 
epigastric  region,  which  wu  aggravated  by  movanenC.  The  ramor,  «bich  was  about 
the  dM  of  the  f&x,  ms  atuated  to  the  left  of  the  mediu  Itac,  and  cncnded  a  llltls 
beiow  the  umbilicui.  A  thrill  conM  be  (lei«ct«d  at  th«  upper  put  of  the  tUDor,  bsl 
Dol  at  tFie  lower. 

The  patient  wa*  graaluall^r  failing. 

The  vnly  cue  of  treatnKnt  of  alxlt^rninal  Rimrbm  bjr  galvano-pmctare  reoonlcd  ar 
tbat  time  was  ibal  of  an  lulisui  nobleman,  a  patient  of  Dr.  Fdkc  I>eir  Acquia.*  Id 
tblacaao  th«  patlantdied  directly  after  the  opcraiwn  from  rupture  of  tbo  ancsrisnal 
AC  catned  by  violent  mu^enlar  contrartlonti  while  under  the  inthience  of  dilorofom. 
Three  needle*,  comuvled  with  a  voltaic  pile;  wen  used  for  forty  tninute*.  Only  a 
null  coaguluin  was  formed. 

March  ^ih,  187 1.  A  liollow  ited  needle  wai  caotbiuly  introduced,  aad  connected 
with  the  positive  pole,  n'hile  the  negative  p>le  wai  applied  exiemally  by  meaoa  of  a 
■pongc.  Only  from  eight  to  twelve  nnc-carbon  ccl!»  were  used,  Drt  Wood,  Sayte, 
Mid  Mnson  made  digital  compTumn  to  the  aorta  below  the  umbilicu*.  The  necdU 
•dbered  and  coiue  onl  urith  some  difnculiy,  but  no  blood  followed.  The  h-nil  tttmtd 
faitntr  than  ttfere  the  oftraiien.  No  upleMtmt  itnlt  followed  except  aoote  ]mln 
that  was  produced  by  the  oomprcsnon,  and  eakmstion  (bat  wu  prodaccd  by  tba 
ctheriiatioTu 

April  6U1,  Operated  ai  before,  bat  with  two  positrre  needles  intnltled  Xa  within 
a  *hort  diiC;.Ke  of  the  points.  One  of  the  needles  was  hollow,  and  wu  introduced 
tntU  the  blood  flowed  through  it.  From  twelve  to  nxleen  freshly  charf^  linC'Caitbon. 
cettfi  were  lued  for  twenly-fivr  minuter  The  aoltd  neelle  wai  more  acted  on  than  the 
hollowneedle.beir^  nearly  destroyed  at  the  noD-insulated  exlremily,  Kocompre^on 
wu  used.  Bifert  the  efvralim  ttoe  murnwrj  nure  heard  ;  after  the  aptraiion,  bot 
one.  Pati«ni  EufTcicd  Icn  ilian  after  the  other  operation.  Some  irritative  lever  ap- 
peared.    Evidence  of  solidificaiioD  of  the  tumor. 

May  4ih.  Six  poiiiive  needles  were  IntrodiKred  i  three  connecied  with  a  ciac-carboa 
battery  of  xvcntecn  cell*  with  larger  platen  The  current  was  pacvd  for  foity-oa« 
BurmicL     There  was  DO  vomprc»ion  of  the  aorta. 

Jane  3xd.  Patient  greatly  improved ;  get*  up  and  dreaio  herself.  Tuinor  quite 
hapi. 

Uwd  two  halterie*  a«  in  prcvioiK  operation.  Hleven  needles  were  used,  and  llw 
current  was  paned  ««ty-fivc  miniitet.  There  was  less  irTllatlnn  after  this  than  after 
the  other  operatlooL  The  tumor  became  harder,  but  not  unaller,  and  a  murmur 
could  be  heard  only  with  i^at  difRcatty. 

In  »pite  of  the  improvcnicnt  in  the  condition  of  the  tumor  (he  polioit  grew  weaker 
and  weaker,  and  died  of  exhaustion,  July  tS,  iSyr. 

Patt-mortem  examination  by  Ur.  Drake  revealed  the  surprising  fact  that  the  patient 
Itad  threfUHenritmi :  one  of  thearteriainnnminota  about  twice  Ihesiac  ol  an  English 
watDut ;  one  of  the  aorta  opposite  the  tixth  and  scrcnlh  dorsal  vettebnt^  about  eleven 

*  Gazzetta  Medica  It«Uiuta,  Lombardta,  No.  2?,  1870,  p.  n^. 
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incbC9  in  circumference ;  anil  the  one  apenitcd  on,  wliich  «u  found  to  arise  &am  tbe 
anterior  wall  of  lb«  aorta  at  l)ie  origin  of  the  superior  mcscntcnc  Tliis  iuicitii»mwu 
xlKPUt  Itvelvenndahalfinch'csindicvnireccncc.  In  all  ihrcc  of  theaneuii'onsorcaaiiad 
Ughl-colared  clots  were  fminil  llic  one  opcrfticil  un  was  ten  mViJ  than  theothenL 
Thrre  vra\  inde«il,  no  evLilence  tliat  the  ^rano- puncture  bad  produced  asy  percM* 
ocDt  clot.  It  li  poviilile,  however,  thai  it  caubMl  a  temporary  clot  that  wat  wasted 
ftwaybrihe  current  of  btood.  There  is  no  qncaiion  that  the  lum>ir  )«came  oior^ 
tciiJ  ti/frr  tit  oftra/im,  aitti  tk^  Ikis  tolidifitati»n  war  attettdtd  vith  dimmutiom  of 
t/u  mMuttit  an  J  pain, 

Luigi  CiniscUi  *  has  Ainieten  a  monograph  on  aneurisms  0/  the  thO' 
retcU  aorta  treated  by  galvano-imnctiire.  He  speaks  of  twenty-three 
cases.  Of  these  six  recovered,  sixteen  died,  and  in  one  case  the  result 
is  not  known.  Of  the  mx  tciiurlcd  as  cured,  one  rela|}6c(l  in  three 
months,  another  In  seveoteeii  months,  another  in  four  months,  but  wiu 
again  operated  on,  and  after  eight  months  there  had  been  no  relajjscr. 
Of  the  remaining  three  cases  one  had  not  relaiMed  up  to  nine  and  a  half 
months,  another  had  not  relapsed  at  eight  and  a  half  months,  and  the 
last  remained  well  at  four  and  a  half  months. 

Eyre  h.is  reported  a  case  of  aneurism  of  die  left  external  iltac  artery 
by /arod'c-puncture.  Symptoms  uf  mtlatnmation  appeared,  but  after 
leventecndays  the  ttimor  was  firmer,  and  evinced  less  pulsation.  The 
faradic  current,  however,  has  nothing  to  commend  it  for  the  treatment 
of  aneurism. 

Cfabetll  auceessfdlly  treatctl  an  aneurlam  of  the  ascending  aorta  Jn  a  pulent  forty- 
cix  ye*n  of  a^c,  by  a  gnlvanopuni-turc.  Three  needles,  connected  wilh  a  voltaic 
pile  nf  ihtrly  pain^  were  inserted  in  llic  third  InterL-Ostal  space  where  the  tumor  wu 
prominent  and  the  pulu lion  Strong.  The  (ipermtion  lasted  forty  miantd  After  the 
Dpcration  the  »kia  over  the  tnmor  was  red.  Far  tlitec  weeks  the  patient  kept  hi*  bed 
\»dA  look  digitalis.     Forty-three  day«  after  tbe  operation  be  left  tbe  botpiial, 

Ftftji-eighl  dayx  after  tbe  operation  only  a  slight  prominence  lemaincd,  and  no  pul< 
•atlons  could  be  teen.  Sn-enly-eiEhl  days  fttler  the  operation  the  patient  revuiueii 
his  occnpuion,  wbich  vra&  (hat  of  a  wchmaM. 

Vitr'uose  Veins. — Varicose  veins  were  treated  by  galvano-puncture 
after  the  manner  of  aneurisms  many  years  ago. 

Bcrtaniaj)d  Milani  experimented  in  the  treatment  of  varicose  veini 
by  galvano-punciure  as  far  back  as  1847.     Itiese  observers  applied  a 
*  bandage  or  luurniquel  Lu  the  liiub  10  diniiiiisJi  the  blood  supply  before 
operating. 

*  SocU  aoetirinti  dell'  anrta  toracica  finara  trattati  collit  elettio-puntura.     Miliano, 
187a    Quoted  in  Dr.  Kcyes's  paper  on  Practical  Electro- Therapeutic^  N.  Y.  Medical 
iTuornal,  December,  1871. 
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Baumgarten  and  Wcrthcimcr  successfully  Jreatcd  a  severe  case  of  var- 
icose vciiui  of  the  upper  extremity  up  to  the  acromion,  whence  Uie  evil 
seemed  to  spread  over  the  trunk.  The  patient  was  a  young  girL  The 
limb  liad  doubled  in  size. 

"  BMUDgartca  und  \Vcrthdm«r  iniroduccd  in  three  atttDgi,  at  an  intcrr*!  of  two 
or  three  dsj-i  c*iJi  time,  about  ten  neciSa  into  the  muit  olcaded  veins,  ptmchtga 
coiuluctor  connectett  with  tlie  negative  pok  in  the  bend  of  Ibe  paitmit,  at  the  umc 
time  conoccting  all  the  needle*  with  the  pa»live  pole.  The  openiion  caused  but 
little  pain.  After  a  few  raimitee  the  oeedlcs  were  reoioveil,  when,  is  place  of  the 
dilated  veins,  foil  redwtant  cords  were  felt,  a  sure  aga  of  'complete  coagulatton. 
After  a  moDth,  the  greater  portion  of  the  vdns  were  obliterated,  and  the  rolumc  of 
the  limb  coiuidenibly  reduced  ;  only  tbcn  those  veini,  h<rretofore  of  normal  we,  be- 
gan to  ditnte  a  little,  which  drcumslancc  am  excrciie  no  inflmence  on  onr  opinion  of 
this  modus  optrafJi."  * 

For  the  treatment  of  varicose  veins  ihe  positive  pole  would  possibly 
be  better  than  the  negative  or  than  both  together,  and  for  the  reasons 
above  given.  The  space  within  the  enlarged  vein  is  comparatively 
small,  and  the  small  clot  made  by  the  positive  pole  ought  to  be  sufficient 
to  obstruct  the  flow  of  blood.  The  positive  dot  would  have  the  ad* 
vantage  of  iimmcss,  and  embolism  would  be  IcM  likely  to  follow  than  aftci 
the  use  of  the  negative  pole. 

"Utjts,  op.  dt,  p.  471. 
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^ictwfi  of  the  Urethra. — Electrolysis  for  strictures  was  first  used 
'r/  Crusscl.  The  same  ircatment  was  Kubsetju cully  cmpIoj^cU  by  Willc- 
^land  and  Werlbeimer. 

The  method  of  Willcbrand  was  to  introduce  to  the  stricture  a  metallic 
ioiind,  instilaied  op  to  the  tip,  and  to  connect  this  with  the  negative 
pole,  while  the  positive  was  held  in  the  hand  of  the  patient.  The  ap- 
pHcalJon  was  continued  for  ten  or  twenty  minutes,  and  ihc  cure  was 
accomplished  in  eight  or  ten  days. 

The  subject  was  afterwards  studied,  though  not  with  special  success, 
by  Jaksch  and  1-eroy  d'Etiolles. 

The  first  important  and  successful  results  in  the  electrolytic  treaU 
ment  of  strictures  of  the  urethra  were  obtained  by  Mallez  and  Tripicr, 
in  1867- • 

Their  method  of  treatment  was  to  introduce  an  insulated  sound  with 
a  metallic  extremity  to  the  seat  of  the  stricture,  connecting  il  with  the 
negative  pole,  while  the  positive  was  applied  to  the  inner  side  of  the 
thigh  by  a  moistened  sponge  electrode. 

At  the  commencement  of  the  operation  the  patient  feels  a  pridctng 
sensation.  This  sensation  becomes  less  and  less  marked.  The  me- 
tallic extremity  is  then  passed  along  until  all  parts  of  the  stricture  are 
affected.  After  the  operation  a  catheter  can  be  introduced  without 
difficulty. 

The  operation  lasts  about  five  minutes  ;  from  one  to  five  applications 
are  necessary.  In  the  majority  of  the  thirty-one  cases  treated  by  Mallei 
and  Tripier,  as  they  claim,  one  application  was  sufficient. 

The  diameter  of  the  urethra  seems  to  increase  slightly  for  a  few  days 
succeeding  the  operation,  and  in  some  cases  an  eschar  was  throira  off 
in  a  few  days  after  the  operation. 

•  De  1«  GuAriaon  datuble dw  RMr(ci«SFinenti de I'Ur Jthre,  p«r ta  Gdlvano-Catuttqae 
Chimiqae,  Paris  iStij.    T)ie  Inin  "  (ktmieal gahano-tatUtrjr,"  sied  by  these  authon; 
b  »ynonyn>ou»  with  tlfdrviytii. 
46 
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Experiments  made  in  Charity  Hospiuil  by  Hra.  Keyes  and  Beard,*  a  id 
the  experience  of  Dr.  Rockwell  in  private   practice,  do  noi  eiuiiel/ 
confirtn  the  remits  given  by  Mallez  and  Tripin,  altboogh  substantiaU]' 
the  same  method  was  used.     The  operation   was  found   to  be  painfu 
oftentimes,  and  the  results  not  alwayssatufactoty^as  the  foltowiDgrecorti 
which  is  a  fair  sample,  will  show. 

Cass  CCXVII.— F..  teed  tony,  gcncrftl  health  excellent.  Tint  praonhtea,  at 
twenijr-iMond,  Eccond  at  thtny-dghth  year  of  age.  Slream  b&atDc  groJaally 
reductd  tmiil  Jan.  li,  lS;i,  at  which  time  he  had  complete  retcntmn  few  Gflcca 
hatuit  micved  b]r  bat  batht.  Tlv  patient  CDterod  the  hoapilal,  awl  mu  U«aied 
by  dilatation. 

February  Oth. — Examination  detects  the  fullovrinK  xirictures  (orifice  odmitl  14 
easily) :  At  oriAce,  Mricttirc  (linear)  arrctttng  No.  J4  »Dfl  bulbous  sound.  At  n»s( 
■ndahilf  mchcs,fitri:luK  (linear)  arresting  No.  12.  At  fiveinclMg^  ttrietare,  one-third 
inch  Uing,  armtln;  Ho.  9.  Current  from  ten  ecJlit  was  f  aird  threagh  accosd  rrie- 
mrc  for  five  minuiei.  A  gooti  deal  of  pain  complained  of.  CiutobI  (ioni  ten  "cUa 
ma  passed  lliraufh  lovrcr  tirictwcror  ten  ntinuiea. 

No.  13  bulbaui  tound  poucd  eaiily  inio  the  bladder  after  the  opcraltga, 
March  4lh.— No  Uongh  ha»  been  pasted.      No,    9    xlcel  Mund   is  grasped   by 
Stricture. 
March  tsth. — (U^ini;  my  own  inununent  with  eleel  bulb  15^        ■) 
Stricture  at  die  orifice ;  liflccn  cells;  five  minuiefi ;  bulb  paaaed.    Structure  ac  two 
and  a  hairtnchcsi  sbcteen  cella;  ten  minutes;  bulbpuaed.     Stricture  at  fivekulw*! 
sixteen  cells ;  thirteen  minutes;  bulb  paue<l.     A  little  blood  wa«  lost  ai  this  ofictai 
lion,  and  a  good  deal  of  pain  was  felt  aftcrwaids.     No  slo(i);ti  was  paueO.     'Jlie 
orifice  iweltcd  and  became  hard  and  inflamed.     Patient  nCiited  to  SiUdw  up  tba 
trcatmait  ot  to  be  examiiied  roriher. 


Dr.  Robert  Newman  reports  far  more  satisfactory  restilts  in  the 
Ireatment  of  strictures  of  the  urethra.| 

The  leading  and  distinctive  features  of  his  methtxl  are  these  :  i.  The  use 
of  very  mi/J  galvanic  currents,  just  perceptible  to  the  patient,  and  from 
three  to  five  minutes  in  duration.  Like  other  observers  he  oses  the 
negative  pole.  The  instrument  should  be  held  loosely  against  ihc  ob- 
struction, atid  no  pressure  should  be  used,  and  no  force  whatever,  a. 
Long  intervals,  from  two  to  four  weeks,  between  the  appHcations. 

Dr.  Newnian  insists  on  a  careftil  preliininary  diagnosis  of  the  nature 
and  exact  seat  of  the  stricture.     He  operates  with  bougies  provided 
with  metal  bulbs  of  various  sixes.     Unless  the   stricture  is  too  firm, 
or  fibrous  he  uses  a  bougie  which  is  three  or  four  times  taiger  dian  tho' 
stricture.    After  he  ha*  ascertained  by  mcasurcincnt  the  exact  locality 

*  From  anicCe  of  Dr.  Keyex  m  the  N.  Y.  Medical  Journal,  Deccmbcff  tSjt. 
f  Arc^iives  of  ElectroloiQr  and  Neurology,  May,  1874,  p.  18. 
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of  the  strichire,  he  pushes  a  small  indU-rubbcr  ring  over  the  bougie,  «( 
such  a  (lisiancc  from  the  end  that  when  tlie  T\ng  reaches  the  mcjttui 
he  will  know  that  the  bulb  is  in  contact  with  the  stricture,  and  then 
he  is  assured  that  llic  electricity  acts  only  on  the  stricture. 

Dr.  N'cwinan  regards  a  patient  as  cured  when  a  No.  is  EngUab 
sound  can  be  passed  without  trouble.  He  claims  to  have  treated  id 
this  way  over  thirty  patients,  and  that  his  results  have  been  uniformly 
good,  and  for  the  reason  in  part  that  he  has  selected  his  cases.  He 
dou  not  claim  that  aJl  strictures  can  be  treated  successfully  in  thb 
my,  but  slates  that  some  of  his  coses  were  bad  and  compUcated.* 

7W  itrittHrti—Ch»>ur»U—F^i>trt  »/  ditMatiam — SuMtn  wtU  tltitrtfytit, 

R.  A.,  boMl-liMper,  cum  under  treslment  in  March,  1873.  HaJ  been  tnatod 
in  the  oonolry  for  itTietiire  br  tUhiatiea.  with  w>  iMGab  F<mad  a  dunenU 
in  the  nretbn,  wUcli  waa  treated  firaL.    The  two  •trktnrw  won  foond  rinatad  ac 

OBC  and  a  quarter  and  four  awl  a  half  inchei  from  meatiu  retpectively. 

Martk  32.  Electfoljnis  was  ascd  with  a  boogie  No.  I0|  with  a  metal  bulb  u  ne- 
gatiTc  ;  |KMittve  eledrode  in  ibe  palm  of  the  hand.  Ten  celU  of  the  Kolvanic  battery 
were  u*ed  foe  nine  cnioiitn,  awl  tbe  bougie  paaiwl  ilowljr  Ibiotigh  ike  alnctum  into 
Uk  bladder. 

A/ri/  14.  Tbe  operatlos  wa»  repeated  with  a  boucto  No.  la.  The  patient  bu 
beat  hard  from  retally,  and  hat  not  had  a  rdqiee. 

0IU  itrieturr,  tftrmai^rrXKm,  imfottmtt,  wttlamchaiia, 

^fartk,  1871. — R.  S  ,  a  tnerfbaot  of  PMladdpUa,  eame  to  my  office  in  an 
■draDccd  ilage  of  hrpudwodna^ia,  oonplatning  of  ][encral  nalaue,  ^lemiaionhcea, 
impotence,  BnaU  itream  of  water,  pain  in  ilie  urethra,  etc.  A  ited  naod 
No.  tl  iBlcrwl  tbi  nndua  eaiily,  but  was  aircMed  at  wtcb  huJ)e&     Somida  of 

'  Dr.  Nevnaan  elfef  the  foltowtne  bthliography  of  tbe  nihject : 

Matlcz  ct  Tripier,  "Traitemeni  <let  KMrMwcmenti  Ur4traax  par  la  Galvano. 
Cautiqac  Chlailqw  Ne^iive,  Coniple  Rendu  dv  I*  Acad,  de*  Scicnna.  Balleiln 
Thfaapenliqae.  Ual  yx     Med.  5$. 

MaBeaet  Tripier,  ••  De  la  GaArlion  datable  d«  R«trCci»amcDttde  lt7r^hre  par 
h  C:al«Bno.CaB*tt[Iue  Cbiniiiiae.** 

Alihaiis  n  CoeKben'i  "  Dentiche  KIina^'*  No.  34-3^  "Uellu^  der  Ifararfih. 
res-Slrktoren  durch  die  Elect  ruljtc" 

Kcyea,  •■  ElecirolyilcTreaiaienl  of  Stritltireoflbe  Urethra."  New  York  Medical 
Jooiaal,  Deeeaiber,  1S71. 

Baatlito  Caoqtoi:  "De  la  Cal*ano.CaBMiqw  CUmfaiw  comine  moyoi  da 
TMlieavnt  dea  R6tr«clsHai«nt  de  I'Urhhn."    Parii.  1871- 

Datrieax,  ••  De  la  Galvano-Cauliqw  CUmique  daaa  le  Traiiea»eat  du  RMrtda^ 
mta  Organic  de  I'Ur^thie."     PrcM.  Mad.  fi^gt.  No.  15,  iS?** 

Mdlnet  Tri[M;(,  Lxm^n  Lancet,  October,  1871. 

"Mullipk  Strkiurr:*  ff  tbe  Urethra  tnaled  b]r  Ekctndyii^'*  by  T.  F.  Fraah, 
M.D.,  M«Um1  Record,  FeUnaty  ad,  1874.  V*9!»  6** 
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^udkrtbe  were  all  arretted  likewise  ftt  tbe  nunc  pUce.  There  U  do  doubt  Out  • 
■tricRtre  exists,  and  at  last  a  sound  No.  7  passed  it  with  difficolty.  Tbe  tronble  1 
«ziu  either  at  the  Junction  of  the  memhnmons  and  prMlattc  potlioa,  or  in  the  lat-^ 
ter  onljr.  Galvanism  wu  uied  wilb  Ten  cells.  Bougie  No.  10^  with  tiK  luital  metal* 
Uc  end  as  ncgaiix'c  tnlo  the  uieihra,  met  the  aune  obttructloo  at  seven  iochet.  Tbe 
pokitive  pole  WAS  a  nickei  bulb,  and  grasped  firmly  witb  tbe  cloaed  band.  After  five 
minntcsof  dectrolylic  cuircnl,  Ilic  bougie  paued  tbe  strict  ore  slowly  and  slippci^tnto 
the  bladder.  The  withdrawal  of  the  bougie  was  followed  bjr  a  thick,  glecty  dis- 
charge, h  seems  that  iKts  matter  had  accumulued  behind  tbt  arictore,  imiated 
prostatic  portion  and  Ihe  ducts,  and  iheicl^jr  was  accessory  to  Cfcatliis  a  spennacoN^ 
rhoHL  On  paning  water,  shreds  came  along  of  a  thick  white  ntaa,  which  were  ibe 
product  of  cIectrol}'<Js.  The  operation  has  not  caused  an/ pain,  and  the  patient 
travelled  home  without  uopIcasADt  feeling. 

A^U  tO.  On  esaminilion  wttb  a  lound  \o.  to,  found  the  stricture  at  tbe  exact 
place ;  the  sound  paued  the  stricture  after  persistent  and  palieni  efforts. 

Then  the  galvanism  was  used  as  before,  with  a  bougie  No,  12  as  negatire,  and  wilJi 
the  same  result. 

May  9.     In  Philadelptua,  a  sotuid  No.  iz  could  be  easily  paaad  into  the  bladdc^ 
which  proves  that  the  mrii:tnrc  is  cured.     Tbe  patient  basbMB  kapt  under  ofa 
lion  for  two  ycar^  and  has  been  seen  only  two  weeks  rinoe.     He  is  perfectly  well  | ' 
bas  married  since,  ami  is  the  falher  of  a  healthy  child. 

Case  COCVIII.— J.  A.,  aged  forty.  Two  attacks  of  gonorrbcm  in  1X56  and  1869. 
Orifice  admits  18.  Double  linear  stricture  in  first  tuirincb,  admitting  13  bulbous 
lound.  From  one  and  a  quarter  to  six  inches  from  the  meatus  the  whole  urethra  ii 
ttUT  and  rigid. 

It  grasps  No.  13  steel  Mund  Ihronghout.  At  six  inches  a  short  strictare  existlt 
through  which  No.  11  puses  into  the  bladder. 

AVd.  3),  1871.  Steel  bidb  15^;  six  lo  nxteen  cells,  gradnally  increanng.  First 
stricture  paued  in  one  and  a  quarter  minuter 

In  half  a  minute  more,  lowcht  stKcluie  wu  resc^MiL  la  half  a  nunnte  lowest  stric- 
luxe  was  passed.     Some  blood  foUowol 

Martk  4.  Steel  sound  No.  15  paiaed  Into  bladder.  No.  16  was  grasped  and 
would  not  go.     ratieot  left  the  ho^itoL 

Cask  CCXIX.— S.  F.  P.,  agedrixty.  Gonorrhaa-at  dghteen,  another  at  twenty. 
In  1S36  he  entered  a  lio^pital  to  be  treated  for  Mrictute,  and  was  gradually  dilated  to 
12.  In  tS6Q  forcible  dibit  alien  was  practised  under  chloroform.  Ke  neglected  to 
pass  instruments  for  tumself,  and  had  to  be  treated  again  in  (864,  this  time  by  gra> 
dual  dilatation.  Since  then,  he  passes  No.  3  soft  bougie  "every  lime  be  make* 
water,"  but  he  does  not  pus  it  into  the  bladder.  On  cxamiaaijou,  I  find  siriciDrs 
commencing  nl  two  inches  From  meatus,  and  ccMitinmDg  indefinitely  as  far  as  could  be 
ascertained.  Only  a  No.  3  bougie  could  be  paned  into  the  bladder.  Urethra  feels 
(out&tdc)  like  a  fibrous  cord. 

March  16.  Steel  bulb  6;  sixteen  cells  i  twenty  minutes ;  no  pmcreis;  batter; 
Mcmcd  very  weak. 


Spasmodic  Stricture. — This  condition  may  be  relieved  by  the  faradic 
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Current,  which  by  its  mechanical  action  probably  has  the  effect  to  relax 
the  parts. 

Dr.  Chfldiey*  reporu  a  case  of  retention  of  urine,  of  two  days'  flantiin;,  ia  I&44, 
camed  by  hmnt  work  aad  expoiure  to  cold,  that  he  trea,teilincccs»rull}r  by  EuudUation. 
The  (Uicture  wa»  about  two-third*  of  tho  dirt  ante  from  tbc  penis  to  the  bUddcr.  No 
kind  fit  catlieter  could  pui.  The  positive  pole  of  a  fainullc  Bpparstos  wu  applied 
afpuiift  the  ttriclure  for  twenty  miimtet  by  neuu  of  ■  kiutling-ncedle  in  a  gam  dat- 
tic  catheter.     The  retention  wu  completely  relieved. 

Dt.  Chodsey  uaies  that  he  hu  met  with  partial  succcsi  io  other  similar  coMl 

In  this  case  the  result  wsm  probably  due,  in  the  main^  to  the  mechan- 
ical effects  of  the  current,  and  not  to  any  electrolytic  action. 

Stricture  of  the  (EsopAagus. — This  terrible  (juiuUtion  might  very  ap- 
propriately be  treated  by  electrolysis.  Althaus  suggests  that  the  ceso- 
phageal  electrode  should  be  applied  to  the  seat  of  the  stricture  and  con- 
nected with  a  negative  pole,  while  the  positive  is  applied  to  the  neck  01 
back.  From  fifteen  to  thirty  cells  would  probably  be  required.  Dr. 
Frank  inrorms  us  that  he  treated  successfully  a  case  of  spasmodic  stric- 
ture of  the  le^phagus,  by  the  galvanic  current,  applied  by  means  of 
U)  (Esophageal  electrode. 

*  N«w  York  UGdical  Journal,  Fcbniaiy,  1869,  pp.  574,  57^ 


CHAPTER  VIL 


VU  WMS,  riSTVtJK,  AND  SINUSES. 


Ulcers — Bedsffres. — ^The  earliest  attempts  to  treat  ulcers  by  cl« 

tricity  were 'made  by  Cru&sel.  io  1847- 

The  same  trcauiicot  has  been  used  in  syphilitic  ulcen  by  Kyber,  of 
Cronstadt,  Rosenberger,  of  Sl  Petcr$bur;g.  and  in  the  majority  of  theii 
reported  cases  with  succom. 

Ulcers  may  be  treated  with  both  currents  by  means  of  metallic  disks 
or  plates  covered  with  soft  sponge.  Galvanization  senries  to  CMit  in 
sadi  cases  jiartly  by  its  eUetrelytie  effects.  One  electrode  may  be  ap- 
plied to  the  uLcer,  and  the  oilier  to  the  nearest  large  aerve-braaeh  or 
plexus,  or  to  the  sympathtttc  or  spinal  cord.  The  applications  should 
not  be  excessively  painful.  In  some  cases  decided  results  may  follow 
a  single  application  of  electricity  to  an  ulcerated  surface.  In  a  case  of 
an  ulcer  in  the  leg  of  a  girl  eight  years  of  age,  one  faradization  with  a 
current  of  mo<lcrale  strength  so  improved  the  nutrition  of  the  parts  that 
healing  at  once  commenced,  and  in  a  short  time  entire  recovery  took 
place  without  any  further  trealnienL  Ulcers  may  also  be  cauterized  by 
the  galvano-cauiery. 

In  the  treatment  of  ulcers,  and  indeed  of  many  conditions,  it  is  a  con- 
venience to  have  one  clecrrode  kept  in  a  fixed  position  without  the  aid 
of  the  physician  or  of  an  assistant  For  this  purpose  the  adjustable 
electrodes,  provided  with  a  rubber  belt  which  can  be  passed  around  the 
limbs  or  body,  are  convenient. 

Ulcers  may  also  be  treated  by  prolonged  a[>plications  with  the  so* 
called  "body  bailcries."  A  disk  of  zinc  connected  by  a  wire  widi  a 
disk  of  silver.  Either  the  sine  or  tlie  silver  disk  may  be  applied  over 
the  ulcer,  and  the  circuit  completed  by  one  disk  on  an  indifferent  point, 
or  in  case  there  are  two  ulcers,  one  may  be  covered  with  tJie  silver  disk, 
and  the  other  with  the  zinc  disk.  These  disks  may  be  kept  in  posi- 
tion and  worn  all  the  time,  or  only  ac  night. 

Gurctl's  electric  disk  may  also  be  used  for  the  same  ptirjiose. 

Tbe  rebults  of  these  prolonged  applications  are  most  excelleot,  em- 


CASES  OF  ULCERS  A2«D  FISTULA. 


I 


I 


pedally  in  bed-sores.     We  have  known  ihcm  to  fail,  howcrer,  in  very 
bad  cases,  and  notably  when  great  debility  existed. 

JnJiflmt  mhtr  oftkt  arm  ;  rttevtry  umdrr  lotal  ifafvaniMtifn. 

Cass  CCXX— M»;r  H..  aged  forty,  «rfaU«  moruig.  May  i.  1871,  fell  and  in- 
jured the  arm  jmnvediately  abo've  tlic  «xlcnial  condyle.  The  pain  wu  eiccuive  txA 
coniinuctl  tcxlUtroa  berfurKveralurMki,  wrlien  asmoll  ulcer  nuule  iM  appeuonce  and 
enlMged  until  it  wttstwo  incho  in  dtmnetcr. 

The  puticni  ap[>lial  for  trcalmetit,  July  tSl  The  ulcer  was  covered  with  a  dark* 
colored  xcati  three-rourtlu  of  an  inch,  partly  Ufied  from  ill  icstiDg-plac*  by  esuberanl 
and  onhcalthy  cruiulalionK. 

The  >cal>  was  removed,  and  a  wet  cloth  Id  conucction  with  the  potiillve  pote  im 
applied  Co  the  diwaMid  part,  while  thu  negative  wu  placed  on  on  indiifercnt  but  up- 
proximate  part.  The  ^vaaic  current  wu  used.  She  suflercd  no  uore  patn  adcr  the 
■econci  tiatxe,  and  ai  the  applicaEioni  were  rcpealeil  the  ulcer  rapidly  healed,  until 
Aucusi  30,  when  the  port  wm  covered  by  toond.  hcdthy  tikin. 

SyfAilitie  uUer  ;  rtcavtry  folli^vu  three  oper^Uwm  by  elettrofytit. 
Cass  CC.K.^1.— Cattieriac  MctC.,  ajicd  forty,  suffered  three  years  lince  from  • 
flumber  of  syphilitic  tulierdei  and  ulcers  about  her  hipii,  thighi,  and  vulva.  They  per- 
liMcd  aluDg  time  and  gave  her  much  annoyance,  but  tinally  healed,  with  the  exception 
of  one  on  ibe  Jnude  of  the  lliicli.  It  waa  elevated  nearly  oiie-balf  an  inch  above  the 
kermundtng  aorface,  wo*  excenively  painful,  and  dlicharged  an  oRenuvc  wctelion.  A 
Dcedle  counecied  with  ihc  poMlivc  pole  *■»  pa»ei'  through  thebaw  of  the  elevation, 
and  a  currcul  ofinvderate  tension  allowed  to  ptua  for  a  few  cnomenti.  TliU  applica- 
tion dljtipated  all  pain,  and  after  tlie  third  tiatKe,  given  several  weeks  after  the  first, 
•00a  heaJcd,  and  the  patient  wasdiKbarged  from  the  Diipeniary. 

An*l  FutuU  tf  long  ttamditig  treated  hy  gaivamtalim  vrilM  hti  petti — ReUef 

tf  pain. 

CasiCCXXII. — A  ease  of  fittubc,  at  and  near  the  anus  in  a  shoemaker,  wai 
brought  to  OS  bjr  Dr.Raucll,  of  Brooklyn.  The  patient  had  a  fiuula  with  fonr  open- 
ing—one  in  the  rump  and  the  others  at  the  t>ordcr  of  the  anus.  The  origin  of  the 
dfiikalty  was  local  injury.  The  patient  had  otkc  been  operated  on  with  the  knife 
without  permanent  relief.  Exaininatioti  had  made  it  pretty  dear  that  necroied  bone 
was  the  cauae  of  the  fistula,  and  kept  up  the  comiant  ditcharge. 

Wefina  cloclroly^  away  with  the  long  cuttmfi  needles  ifie  paLnfitl  protubenUKCl 
•t  tlie  orifice,  near  the  anas.  The  removal  of  theie  cauied  great  iclicf,  and  efubled 
the  patient  to  dt  down  and  to  resume  hia occupation.  We  then  pl.iccd  Ion);,  polished 
steel  conductors  into  the  opening  in  ihc  mmp,  connecting  them  with  tlie  negative 
or  pOiitivc  pole,  usiu|[  the  potilive  when  the  hemorrhage  was  greatest.  I^e  coo- 
dvctor^  were  inlrodnced  up  to  the  bone.  Strong  tttrrenti  were  borne,  and  greal  re- 
lief obtaia«d  of  tb«  pain  and  uneadnes%  bat  ao  permanent  core. 

Galvanff-Osonuaticn, — Tlus  is  a  term  employed  by  Dr.  A.  Murray, 
ol  New  York,  to  designate  the  combined  action  of  ozone  and  the  gal- 
vanic cuircDt  in  tlic  treatment  of  ulcers.     He  daiius  that  iiis  experi- 
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Stumps  after  amputation  that  arc  slow  to  heal  have  been  successfullji 
treated  by  electricity,  like  ordinary  ulcers,  by  Dr.  Geo.  K.  Smith  and 
by  Dr.  Snively,  of  Brooklyn. 

Hxmatoceh. — Haematocele  of  the  pelvis  or  padcnda,  or  of  other  por- 
tions of  the  body,  may  be  treated  electrolyticalty,  like  erectile  tumors 
and  by  ordinary  faradization. 

Gangrene. — Gangrene  may  be  treated  electncaily  in  various  ways 
but  especially  by  electrolysis  and  galvano-cautcry. 

Carbuncles  and  Furuncles. — Dr.  Rockwell  demonstrated  long  ago 
that  faradization  was  capable  of  hastening  suppuration,  and  we  have 
frequently  utilized  this  fact  in  the  treatment,  not  only  of  carbuncles 
and  furuncles,  but  of  various  otlier  forms  of  abscesses.  Dr.  Sass  in- 
forms us  that  a  number  of  years  since  he  used  this  treatment  in  two 
instances  with  good  effect. 

Burns. — Burns  in  a  subacute  stage  might  not  unlikely  be  helped 
toward  recovery  by  faradization  or  galvanization. 

Frostbite (ChUblains). — In  the  first  edition  of  this  work  we  stated 
that  we  were  not  aware  that  any  attempts  have  been  made  to  treat  chil- 
blains by  electricity,  but  that  it  certainly  would  not  be  irrational  to  try 
the  power  of  galvanization  in  this  disease.  Successful  results  have  been 
recently  reported  by  various  observers.  Chilblains  arc  to  be  treated  like 
ulcers. 

Synovitis. — In  efTusiona  of  an  acute  and  very  sensitive  character, 
electricity  is  usually  not  indicated,  bnt  in  the  subacute  and  chronic 
forms  it  is  of  great  efficacy.  The  treatment  should  be  directed  by  the 
cause  and  stage  of  the  disease,  and  by  the  results  of  trial  in  each  case. 

The  treatment  of  those  cases  that  depend  on  rheumatism,  or  hysteria, 
should  be  constitutional  as  well  as  local.  In  some  cases  general 
faradization^  with  special  attention  to  the  affected  joint,  is  sufficient ;  in 
others  the  general  trcaimcnt  is  sen^ly  aided  by  galvanization  or  fara- 
dization of  the  joint. 
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Whether  the  galvanic  or  faradic  current  is  to  be  preferred  for  local 
applications  can  only  be  detcrminrd  by  the  results  of  tn'al.  Our  cus- 
tom is  to  begin  with  the  faradic  current,  and  ro  use  it  so  long  as  benefit 
results,  and  then  to  change  to  the  galvanic  II  &])ouId  be  borne  in 
mind  that  llic  greater  chemical  effects  of  the  galvanic  current  ore  in 
ihcsc  cases  frequently  more  than  countcrbalaDced  by  Uie  powerful 
mechanical  action  of  the  laradic.  Stable  increasing  currents  ate  to  be 
preferred. 

This  is  one  of  the  conditions  in  which  localized  galvanofaradifaiion 
(sec  p.  366)  may  be  iried.  The  electrical  treahuent  of  effusions  of 
the  joints  ts  much  aided  by  using  the  hands  as  an  elcctruilc,  with  g/eu 
tie  but  &rm  manipuiation.  There  is  no  question  that  under  the  influ 
encc  of  '*  nibbing  "  have  been  wrought  many  important  cures  in  these 
affections. 

Electrolysis  has  been  successfully  employed  in  effusions.  It  may  be 
resorted  10  in  all  obstinate  erases. 

^nwltit^tkt  knee,  nm^'ifnteif  vith  kemi/tegia—Retmfry  under /grwdiatiti*n, 

CaseCCXXUL— Mi.Gco.  L.,Rgc:d35,  staled  that  about  the  itfofjulr,  iSfi^  fc« 

wu  Hinilruck ;  and  bcttrccii  ibc  loth  of  the  same  mondi  iiblI  (h«  ijlh  of  Anguvt,  k« 
■uffrrcd  rrnnt  tlinr*  ttroties  of  bemiplesia,  Ttsuliins  ftnally  In  total  bUndnos.  Hb 
d^lt  KTiduatly  rrcunicd,  Inil  by  d«Er««t  \m  alioulden  became  lame  ami  nifl*,  «o  that 
beooald  wi'Jt  Oii^culiy  nxe  iliem.  This  ttatcof  tkincseaniraued  until  aboni  the  iukU 
dleof  SeptemtMr,  when  both  knees  and  ankles cOBimcnixd  10  cntMf b  lo  NavembcTt 
when  the  patient  applied  to  us  for  lt»tment,  we  fnuat)  him  sufluing  from  (cvcrcwtx 
■cntc  Q-no^ilu.  Itoth  knect  wrrc  cnormoutlf  swollca,  ihe  fluid  lifting  accuinuliUed 
to  mcb  an  extent  (hat  the  painlbe  projecicd  ronrard  more  than  an  indi.  Four  applki^ 
(Ions  of  the  Tarojlic  current  were  civen,  one  Kvtty  day,  but  with  no  marked  cSect,  ex- 
cept that  the  Umcne<$  ni  the  shiiililert  mkI  aakle^wBi  much  Tclic^ed. 

Me  then  left  the  city  and  vnu  absent  oa«  wadL  On  kb  return  tlic  improvetuK 
was  found  to  be  \-ery  great.  The  McumuUtlon  of  AviA.  in  the  tcne«s  had  aUncMl  cntkdjF 
diuppcarol.  tnA  the  iwelling  wuieduced  in  proportion.  At  itrst,  the  struugcU  cur* 
rent  from  Kidder's  apparatus  mudc  no  imprcstion,  when  applied  dotan  the  ipine.  Tlw 
legs  were  but  liltle  xaiillve  lo  ihe  electric  liream,  and  the  feet  and  loci,  which  ar« 
gcnerAlly  very  rejulily  affixteKl,  «cre  rcruartably  torpid,  TIw  applicMlioitt  were  eoB* 
linued  on  Dec  3d.  4th,  5lh,  7th,  and  9th,  effcctnitlly  removtnc  this  want  of  Mnatios. 
and  co^^>)ctely  diitlpftting  the  remaining  EvreUing  oikI  icndonen  of  the  kofiOk 

/^^rtfCf/^.— £lcctra<punctiue  was  first  tried  for  hydrocele  by  Schuster 
in  1839. 

The  method  U  to  introduce  the  needle  into  the  tumor  at  opposite 
sides,  and  so  deep  that  the  points  nearly  approach  each  other.  Ths 
needles  are  then  attached  to  from  til  roe  to  six  elements  of  a  galvanic 
battery.    The  appUcatiotk  sliould  be  utade  for  6ve  or  ten  miouteA.    Oue, 
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two,  or  three  applications  usually  suflice  to  complete  a  cute.  The 
same  treatment  has  been  successfully  employed  by  many  others. 

Successful  results  from  the  faradic  current  have  been  reported  by 
Burde],  Deletanche,  Lehniann,  and  Thevissen.  The  galviinic  is  u5* 
doubtcrity  the  current  to  be  employed  in  such  ciiseii. 

Hydrocele,  in  shon,  should  be  treated  electrically  tike  cystic  lu- 
niors.  The  great  end  to  be  accomplished  is  nut  the  withdrawing  of 
the  fluid,  which  can  be  done  with  the  ordinary  trocar,  but  the  stimulation 
of  the  membrane  of  the  sac,  so  that  absorption  shall  take  place  and  the 
tluid  not  again  collect.  Many  of  ihe  Ciilurcs  That  have  occurred  in  the 
treatment  of  liydrocele  have  been  due  to  a  misapprehension  of  this  fact. 
Dr.  Frank  has  Loniliined  the  use  of  gal vano-cautery  with  electrolysis  in 
the  treatment  of  hydrocele.  Id  some  cosea  there  will  be  a  letum  of 
the  disease  even  after  electrolysis. 

Sfraiiis  (x/rains). — Sprainsof  joints  of  all  kinds  may  be  treated  by 
electricity  ;  faradization  and  galvanisation  of  the  affected  pan  with  a 
mild,  stable,  or  gently  labile  current  are  indicated.  We  have  in  this 
way  treated  all  sLiges  of  sprains — acute,  subacute,  and  chronic — and 
almost  uniformly,  thus  far,  with  beneficial  or  curative  results.  We 
have  not  been  able  to  decide  which  cur/ent  is  preferable. 

Sprains  in  the  acute  stage,  or  just  passing  into  the  subacute  stage, 
shonhl  be  treated  by  very  mild  currents  and  by  short  applications. 

In  such  cases  no  electrode  is  so  agreeable  as  the  bond  of  the  opera- 
tor gently  passed  over  the  painful  part. 

We  have  treated  a  number  of  cases  of  s|)rains  of  the  wrist  in  patients 
who  arc  engaged  in  manual  employments.  In  such  conditions  the  lo- 
calized application  of  the  faradic  current  alone  rapidly  brings  on  tile 
recover)*. 

Strains  of  musetes  with  rupture  cf  fibres,  so  far  as  otir  limited  ob- 
servation j(ocs,  do  not  yield  to  electrical  treatment.  In  the  few  cases 
where  wc  have  perseveringly  used  faradization  and  galvanization  we 
have  not  been  able  to  kc  that  the  slow  improvement  wa:>  in  any  degree 
hastened. 

tamtntij  and  nulling  tamed  by  a  sfrMm—Htluvtd  hy  local faraditathn. 


.  CasiCCXXIV.—TIm  power  oflbe  firsdiecurrent  loallfty  Irritation  ind  relicte 
lamcnen,  in  cate^af  »pT»n«  or  tnjariei,  wni  well  illuKralcil  in  thecaic  of  a  Mn.  B., 
ditccied  (o  nn  tty  Dr.  KiMam.  Her  Tool  w»  hcKTily  prcned  upon  by  the  rocket  of  a 
chair,  and  cauw<l  rach  eechymo^u,  paid,  twelUnn,  and  tmnenms  ttist  for  two  moBttis 
gIm  wu  onable  to  walk  more  tliaii  from  her  btfu»c  to  her  carrijige.  The  faradic  car- 
real,  apptlRl  over  and  around  the  foot  a  numticr  or  tinin,  nlievvd  moat  decMcdIy  lh« 
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swelling  nnd  hmcntti,  tnd  cmbled  the  patient.  In  s  few  wteki;  to  exerdae  In  woUdof 
wUbout  kHoiu  difficuttj, 

Sportdylitis  {Potfs  Distas/). — Spondyliris  is  a  temt  that  is  applied 
to  inflammation  of  the  vertebrae.  Among  its  symjjioms  arc  at  first 
changes  iti  shape  of  the  spinal  colnmti,  obstinate  gastralgia,  or  oeuralgtc 
pains  in  the  breast  and  vaiiuus  parts  of  the  body,  and  subfeqoeatly  pro- 
jection of  the  diseased  vcrtebne,  deformity  of  the  apitte,  peculiar  attitude 
and  paralysis,*  sensitiveness  of  certain  vertebrse,  and  spontaneous 
pains  in  the  spine.f 

The  form  in  which  it  appears  is  in  the  cervical  and  upper  dorsal  verte- 
b.a,  with  the  symptoms  of  neuralgia  in  the  arm,  or  neck,  or  lower 
limbs.  Some  cases  of  torticollis,  and  even  of  chorea,  may  depend  on 
disease  of  the  vertebra.  Other  symptoms  are  paralysis,  atrophy,  or 
contraction  of  certain  muscles.  In  many  cases  of  inflammation  of  the 
vertebra  the  nature  of  the  disease  is  not  suspected,  because  the  changes 
in  the  form  of  the  spinal  column  and  the  immobility  of  the  vertebra  only 
appear  after  the  morbid  process  had  made  considerable  advance. 

In  making  the  diagnosis  it  should  be  considered  that  the  appearances 
of  the  ^pine,  which  are  usually  regarded  as  evidences  of  »i>ondyliti8, 
may  arise  from  paralysis,  or  atrophy  of  the  muscles,  with  contractions 
of  the  antagonists. 

The  treatment  consists  in  galvanization  of  the  aflfecled  vertebra, 
the  positive  pole  being  placed  over  the  seat  of  the  disease,  and  the 
negative  at  some  point  above  or  below.  The  results  are  sometimes 
beneficial. 

Spinal  Curvature. — Lateral  curvature  of  the  spine,  depending  on  re* 
laxation  of  the  muscles  and  ligaments,  and  associated  with  general  dc- 
bilit^',  is  a  condition  for  which  general  and  localised  faradization  and 
galvanization  of  the  sympathetic  are  well  indicated,  and  in  whid»  they 
have  wrought  most  important  results.  General  faradization  alone  b 
pretty  sure  to  be  of  service,  both  m  raising  the  tone  of  the  system  and 
b  permanently  relieving  the  cmvalure.  The  electrical  treatment  may 
be  used  in  connection  with  mechanical  appliances. 

Pseudoarthrosis  {Ununited  Fracture). — Btinuan  obtained  a  good  re- 
sult from  electrical  treatment  of  a  transverse  portion  of  the  ttbia.  and 
fvbulA.  After  ttie  lapse  of  a  month  the  bones  had  not  united.  A 
bandage  was  applied  and  a  current  (whether  faradic  or  galvanic  is  not 


*SeitiA^iaaDifertMtialDiagm*tiiifDitMitn>/lAtSfiiu,\iijOi»X.  P.Tftfkir, 
H.D.  • 

f  Benedikt,  op,  dt.,  312. 
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ilflt«<^)  wasap])1ic<1  for  half  an  hour  by  two  needles.  Suppurarion  fol- 
lowed, callis  was  formed,  and  entire  recover)'  took  ])lace. 

Hall  also  obtained  a  successful  result  id  a  fracture  of  the  thigh 
by  the  same  treatment  The  operation  was  repeated  daily  for  two 
weeks. 

Hahn  also  reports  a  successful  result  from  electro-puncture  in  a  case 
of  fracture  of  the  thigh.  He  used  at  first  magneto-electricity,  and  sub- 
Bctiuently  the  galvanic  airrcnt.  No  improvement  followed  the  nse  ot 
uiagneto-electriciiy,  while  the  galvanic  current  brought  on  intlainniaiion 
in  six  days.  The  inflammation  thus  excited  produced  a  unioD  of  the 
fracture  in  ten  days. 

We  treated  a  case  of  ununited  fracture  of  feniur  at  the  Long  Island 
College  nDB|)ital.  Insulated  needles  were  us«l,  and  very  strong  cur- 
rents. Inflammation  was  excited,  and  some  improvement  was  mani- 
fest, but  the  bones  were  so  far  apart  that  it  was  fotind  necessary  for  the 
surgeons  to  operate  in  the  usual  manner. 

Hernia. — Dclaux  rejiorts  a  case  of  incarcerated  femoral  hernia  in  a 
woman  who  refused  to  submit  to  an  operation.  Tumor  disappeared 
after  a  few  applications.  The  first  application  was  directed  to  the  her- 
oia,  and  in  the  other  applications  one  pole  was  applied  to  the  hernia 
and  the  other  in  the  rectum.  Before  electrical  treatment  was  tried  the 
patient  was  growing  worse.  Faradization  might  give  tone  to  the  weak- 
ened muscles  in  reducible  hernia,  and  for  this  purjwse  we  have  em- 
ployed  it  in  a  single  instance;  of  the  results  we  have  not  been  In- 
fomied. 

Morbus  Coxarius  {Disease  of  the  Hip-joinf). — This  condition  may 
be  treated  elcctric-ally,  in  connection  with  ordinary  mechanical  treat, 
ment,  with  a  twofold  object  of  hastening  the  recovery  of  the  lesion 
and  improving  the  general  condition.  The  methods  of  treatment  that 
wonld  seem  to  offer  most  hope  are  stable  faradization  or  galvanization 
of  the  diseased  joints,  five,  ten,  or  fifteen  minutes  daily,  alternating 
with  general  faradization.  This  treatment  might  be  used  in  connection 
with  the  ordinary  method  by  extension. 

Club-Feci  {Tahpes). — In  clubfoot  it  is  not  unfreqnently  a  great 
advantage  to  combine  faradization  or  galvanization  of  the  partially 
.paralyzed  muscles  with  the  use  of  mechanical  appliances  (see  chapter 
on  Infantile  Paralysis). 

Warts. — Warts,  if  they  were  regarded  as  of  sufficient  impoitance, 
might  be  removed  by  electrolysis  of  ilie  base,  or  by  the  galvano-cati- 
tery. 

DitteiiUxoH  0/  Calculi  in  the  Bladder. — The  employment  of  the  gal 
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vanic  current  to  dissolve  calculi  was  proposcil  by  Bouricr  in  iSoi,  by 
Morgiardini  and  l.ando  in  1803,  and  by  Grutlhuiscn  in  1813,  but  was 
first  successfully  carried  out  by  Pr6vo&t  and  Dunuu  in  18x3. 

The  theor>'  of  Provost  and  I>iimn9  was,  the  calculus  could  be  made 
to  cniinble  by  the  mechanical  effect  of  the  gases  generated  by  the  cur- 
rent. In  tbdr  first  expetimeot  they  placed  a  fusible  humau  calculus 
in  water,  submitted  tc  to  the  action  of  a  voltaic  pile  of  120  clcmenti 
for  twelve  hours.  Platinum  wires  were  placed  against  the  calculus,  on 
oppotite  sides.  Fine  powder  soon  appeared.  At  the  end  of  the  0|>ei> 
ation  the  calculus  was  found  to  have  lost  t>  grains  in  weight,  the  ongi> 
nal  weight  having  been  92  grains.  It  was  again  submitted  to  the  cur> 
rent  for  16  hours,  at  the  end  of  which  time  it  was  reduced  to  very  small 
firagmenis  that  could  have  easily  jxissed  the  urethra. 

Their  second  experiment  was  made  on  a  fusible  calculus  in  the  Uad- 
6cT  of  a  living  bitch,  into  wliicli  wann  water  had  been  injected.  The 
application,  which  lastc<t  an  hour,  was  repeated  iz  times  during  six 
days.  The  calculus  had  become  so  friable  that  the  operation  was  not 
repeated.  Kxamination  of  the  bitch  after  death  showed  evidence  that 
the  bladder  had  been  injured  by  the  operation. 

In  1835,  lionnet  proved  that  by  applying  platinum  electrodes  to  the 
opposite  sides  of  a  calculus  tn  a  solution  of  nitrate  of  potash,  electro- 
chemical decomposition  ensued,  b^  which  nitric  acid  appeared  at  one 
electrode  and  potash  at  the  other.  The  effect  of  these  two  substances 
was  to  dissolve  the  calculus.  Stones  composed  of  phosphate  will  be 
dissolved  on  the  acid,  and  those  composed  of  uric  acid  or  urate  of 
ammonia  on  the  alkaline  side.  Under  this  action,  the  stone,  unless 
very  hard,  becomes  friable  and  falls  to  pieces!  'ITiesc  experiments 
were  confirmed  by  Bence  Jones,  who  also  found  that  calculi  of  futa* 
late  of  lime  could  be  slowly  dissolved  in  the  same  way.  Neither  of  these 
experiuiciktcrs  attempted  the  dissolution  uf  calculi  in  the  human  blad- 
der. Sotne  experiments  made  by  D^  Rockwell  in  this  line,  and  also 
by  Dr.  Beard,  at  the  suggestion  of  Dt.  Gonley,  did  not  give  very  satis* 
factory  results.  'I'be  amount  of  decomposition  of  phosphatic  stone  was 
ver>'  trifling,  even  when  strong  currents  were  used  for  several  hours. 

Ehitric  Explorer  or  Probe. — ^This  apparattis  (Fig.  1S8)  indicates  at 
once  the  presence  of  metallic  bodies  in  gunshot  wounds. 

Fig.  1  represents  its  natural  sij:e.  Fig.  a  shows  one  of  the  exploring 
sounds.  There  arc  generally  two  sounds,  one  stiff,  the  other  ffex> 
l1)le. 

The  trembler  or  needle  is  so  arranged  as  to  resist  all  shodcs  and  (blnl 
the  following  conditions  : — 
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1.  tt  is  very  portable,  and  in  All  po^isililc  portions  can  be 
Ine  vest  pocket,  or  in  the  ordinary  surgical  case. 

2.  It  cannot  be  deranged. 

3.  Tliree  senses  take  part  in  making  the 
exploration — the  hearing,  the  touch,  and  the 
sight 

4.  It  indicates  with  certainty  the  presence 
of  a  bait  by  (he  movement  of  the  trembler, 
an  effect  which  is  only  produced  when  the 
eirmit  is  closed  by  a  metaUic  bedy.  Experi- 
ence has  shown  that  the  contact  of  organic 
tissues,  even  with  a  battery  of  15  elements 
(and  probably  with  even  a  greater  number), 
will  not  put  ihc  trembler  in  vibration. 

5.  The  explorer  indicates  at  the  same  time 
the  depth  at  which  the  ball  is  situated,  and 
in  some  cases  also  the  flexible  sound  pre- 
serves the  form  of  the  canaL  through  which 
it  passes. 

The  battery  is  in  a  case  made  of  hard  rub* 
ber.  This  holds  the  elements,  linc  and  car- 
bon,  which  fill  only  half.  The  other  half  is 
occupied  by  the  exciting  liquid,  a  solution  of  . 
sulphate  of  mercury.  When  the  case  is  re* 
versed,  or  in  a  horizontal  position,  the  liquid 
Hows  on  to  the  element  and  a  current  arises  ; 
when  the  case  is  in  a  vertical  position  the 
metals  are  not  touched  by  the  liquid,  and  yM  ^t. 

there  is  no  curreat*  Troaw*!  Electric 


carried  in 
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'  The  £nt  appantus  for  lh«  electrie  exploratloo  of  woonds  wa»  dcvbvd  by  H. 
FavTc;  ef  MandOes,  of  which  the  fallowing  dctcripiion  was  given  by  Ntiaton,  in  le- 
markslo  hii  das  at  ihtHifitatJa  Climi^ua:  "  Two  cosducling  wire*  are  placed  In 
aiheatlifOrtbe  two  dtctrodea  majrhe  covered  byaa  Iwlatinc  siibstancc  These  wiia 
Me  ia  conUBoaicaliOB  with  a  battery  of  only  one  couple,  and  a  galvanonelex  u  fasien«d 
on  one  of  the  wicca.  If  you  iiKrodacc  ibe  end  of  tbne  into  a  wound,  rhe  contacl  of 
the  soft  parts,  tke  bonei,  or  pus  k  not  Hiflictcnt  to  eUaUl^  a  current,  but  if  lh« 
tads  come  in  contact  wilh  a  mctatlic  boly.  the  needle  of  the  galvaifon^ter  will  fb«, 
thU  beins  a  proof  ihat  the  circuit  is  complelo.  Only  dm  couple,  bowever,  sliould  b« 
lued,  so  u  to  avoid  the  dccanpMtlion  of  the  fluids  In  the  wound,  which  would  imiae- 
diate*/ give  riieloa  current."— (-■<«.  Janr.Mtd.  SdeMei.ral  adv..  1863,  p.  aig.) 
Durag  the  leceot  Franco- Pniman  war  aa  "  EUOru  Bmila-ieeAer,"  (hat  (Uikai  ■ 
little  beU  when  metaJtic  connection  is  made,  has  been  Micoeufutly  used. 
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Extraetwn  fff  Foreign  Bodies  by  the  Electrc-Magnet. — Dr.  DcIotc 
hais  suggested  the  clcctro-magnct  as  a  mcaos  of  extracting  foreign 
from  ihc  cyt,  urethra,  auditory  canal,  etc.  He  states  that  the  magnet 
has  been  used  for  ihe  piiq>o&e  of  extracting  pieces  of  iron  and  steel 
from  the  eye  since  ihe  days  of  Fabrice  de  Hildcn.  Delore's  aiteoiion 
was  called  to  the  subject  by  an  altempt  which  be  made  to  extract  a 
piece  of  a  pin  from  the  external  auditory  canal.  A  slender  magnet 
was  prepared  by  M.  Fasse,  which  could  be  bent  at  will,  but  it  was 
found  to  be  not  sufficiently  powerful.  Then  M.  Fasse  suggested  the 
idea  of  using  the  electro-magnet  for  this  purpose.  With  this  view  he 
con&tnicted  a  snul)  electro-magnet,  com]K>svd  of  a  stem  of  iron,  with 
a  bulbous  extremity,  and  covered  with  several  windings  of  insulated 
copiwr  wire. 

The  force  Ihat  is  obtained  is  in  proportion  to  the  strength  of  the 
current  used  to  magnetize  the  irODf  the  imrober  of  spirals,  and  the 
diameter  of  the  magnet. 

tn  order  to  ascertain  how  much  power  was  necessary  to  extract 
needles  from  the  body,  a  number  of  exjwrinients  were  made. 

"  A  needle  embedded  in  the  homy  substance  of  the  band  to  the 
depth  of  three  millimetres  requires  for  its  extraction  a  tiactioa  of  89 
grammes." 

"  Embedded  Nxteen  mtlli.  deep  in  the  heel  of  a  cadaver  requires  400 
grams." 

"  EmliL'dded  four  centimetres  deep  in  the  calf  of  the  leg  it  requires 
400  grams." 

"If  it  has  perforated  the  cornea  it  most  have  a  traction  of  39 
grams." 

The  advantage  claimed  for  this  method  of  extracting  foreign  metallic 
bodies  is  that  "  it  jirtHhiccs  no  sensation  on  the  surface  of  the  tissues;" 
and  also  is  less  liable  to  injure  them  than  forceps  or  probes. 

The  investigations  of  Dr.  T.  R.  Tooley,  of  New  York,  lead  him  to  the 
following  concluiiions :  i.  'J'ha,C  a  steel  or  iron  body  in  the  eye  may  be 
detected  by  a  suspended  magnet  when  the  body  lies  neai  its  surface. 
2.  The  presence  and  i>osiiion  of  such  a  foreign  body  may  most  surely 
be  found  by  making  it  a  magnet  by  induction,  and  then  testing  for  it 
by  a  minute  suspended  magnet.  5.  The  intensity  of  deflection  of  the 
needle  is  proportionate  to  the  depth  of  the  body.  4.  Changes  of  de- 
flection of  the  needle  indicate  changes  of  position  in  the  foreign  body. 

An  interesting  case  is  reported  by  Hardy.f  Forty-eight  hours  after 
the  injury  a  small,  narrow  strip  of  steel  was  .wen  reslin,';  on  the  anterior 

•  Tmn»l«eH  from  /,/ii«  Medical,  In  N.  Y.  MedUat  GoKtU^  Aug.  so,  1S70. 
'f  Medical  Times  and  Guette,  April  1  j,  1878,  p.  401. 
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surface  of  the  lens,  so  situated  as  to  be  cuvered  by  the  iris  unless  ihe 
pui>il  was  dilated.  Only  a  small  part  of  the  lens  behind  the  bit  of  metal 
was  opaque.  Twenty-four  hours  later  the  effect  of  a  powerful  electro 
bar-iiiagnct  outside  the  eye  was  tried.  When  the  pole  of  this  magnet 
had  been  approached  to  a  distance  of  four  inches  from  the  cornea,  the 
chip  was  sctiii  suddenly  to  spring  away  from  the  lens  to  the 
posterior  surface  of  the  cornea.  On  removal  of  the  mag- 
net the  metal  fell  to  the  bottom  of  Ihe  anterior  chamber, 
and  was  then  extracted  through  an  incision  made  as  for 
iridectomy.  The  lens  became  afierivard  opai^ue  through- 
out, and  was  then  gradually  absorbed. 

Gruenin^'s  Magnri  (Fig.  189)  for  the  removal  of  parti- 
cles of  steel  or  iron  from  the  vitreous  chamber  is  manufac- 
tured by  John  Rcyndcrs  &  Co.,  New  York. 

Several  magnets  are  joined  into  a  bundle,  thus  making  a 
powerful  magnetic  magazine,  and  concentrating  the  greatest 
possible  magnetic  polarity  in  the  least  possible  dimensions. 
A  long  and  delicate  piece  of  malleable  iron  is  fitted  into 
one  extremity  of  the  bundle  of  magncls.  As  shown  in  the 
cut,  the  two  extremities  of  a  number  of  ma^^netized  steel 
rods  placed  parallel  to  and  at  a  little  distance  from  each 
other,  are  fitted  into  iron  caps,  one  of  which  is  provided 
with  a  delicate  point  of  malleable  iron  3  mm.  long,  t  mm, 
wide,  and  0.3  mm.  thick.  This  point  is  powerfully  mag- 
netic, sustaining  with  ease  a  weight  of  fifteen  grammes. 
Chips  of  iron  weighing  from  one  to  fifty  centigrammes, 
when  placed  into  the  vitreous  of  recently  enucleated  animal 
eyes,  are  attracted  toward  the  point  at  a  distance  of  i  to 
5  mm,,  and  withdrawn  with  the  greatest  facility.  The  instru- 
ment thus  perfected  f/juah  Hirsrhbcrg's  electro-magnet  in 
efficiency,  but  surpasses  it  in  sim|>ticity  of  construction, 
convenience  of  form,  and  lowness  of  price. 

Ele€troChemieat  Baths —Remcval  of  Foiiomus  Mctais 
from  ihe  Body.—A^  1855  Vergn6s  and  Poey,  of  Havana,  re- 
ported to  the  French  Academy  a  method  of  removing  poi- 
sonous metals  from  the  body  by  means  of  the  galvanic  ciirrenL  Vergnis, 
while  practising  electroplating  in  1S5  j,  had  brought  an  obstinate  ulcera- 
tion on  his  hands.  He  placed  his  hands  in  an  electric  bath,  connected 
with  the  positive  pole.  In  fifVecn  minutes  a  metallic  plate  connected 
with  the  negative  pole  in  the  bath  was  covered  with  gold  or  silver 
from  Ihe  ulcer.     A  few  such  treatments  cured  the  ulcers. 

An  electro-chemical  bath  is  taken  lu follows:   An  isolated  metallic 
47 
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tub  is  placed  on  an  isolated  beach.  The  tub  is  filled  with  water,  acid- 
ulated with  nitric  acid  of  mercury,  gold  or  silver,  and  sulphuric  acid  if 
lead  is  in  the  patient.  The  patient  is  placed  in  the  bath,  and  the  tub 
is  connected  with  the  negative  pole,  while  the  patient  lakes  the  positive 
pole,  part  of  the  time  in  the  rij^ht  and  part  of  the  time  in  the  left  hand. 
The  current  now  enters  the  amis,  and  passes  through  the  body  to  the 
tub.  The  metal  that  is  extracted  from  the  body  is  found  on  the  sides 
of  the  tub,  in  the  water  in  the  tub,  and  in  the  atmosphere  of  the  roon 
from  evaporation. 

These  experiments  were  confirmed  byCaplin  and  Meding.  Medtng 
extracted  mercury  from  a  jiatient  in  this  way.  Vergn*s  employs  elec- 
TTO-chemica)  baths  also  for  introducing  medical  substances  into  the  body. 
T^e  patient  sits  in  tlie  bath  coniataing  the  solution,  and  in  the  position 
described,  and  absorbs  the  substance  while  the  current  is  pasnng. 
Among  the  remedies  that  Vergnis  employs  for  the  pnriXMc  arc  phos- 
I^atc  of  iron  and  nitric  add.  There  is  little  question  that  the  passage 
of  the  current  through  the  body,  immersed  in  certain  mcdiCaicd  solu- 
tions, aids  io  the  absorption  of  some  portion  of  the  compound.  This 
whole  subject,  however,  is  yet  in  dispute,  and  will  remain  in  (£^rate 
until  it  i^  carefully  investigated  by  competent  men,  and  all  possible 
sources  of  error  are  guarded  against. 

Faradie  Atutsfhtiia, — ^The  benumbing  effects  of  the  firadic  ctnreni 
on  the  nerves  may  be  utilised  for  the  pnichicnon  of  local  amesihesia, 
(Sec  EUctro-Physiohgy.)  tt  is  only  indicated  for  slight  or  at  least 
short  operations,  such  as  the  opening  of  abscesses,  felons,  buboes,  the 
extraction  of  foreign  bodies  and  of  teeth. 

For  opening  abscesses  a  strong  faradie  current  should  be  directed 
through  the  parts  as  the  incision  is  made.  The  relief  thus  afforded  is 
slight,  but  is  positive,  and  is  not  unworthy  of  a  trial. 

Faradie  anesthesia  has  been  cliiefly  used  in  the  extraction  of  teetht 
whcrt-  it  is  certainly  of  some  service.  The  patient  places  his  foot  in  a 
metallic  slipper,  or  on  a  plate,  or  holds  an  etccUode  in  the  hand,  while 
tlie  circuit  is  completed  as  soon  as  the  forceps  of  the  dentist,  which  is 
connected  with  the  battery,  seizes  the  tooth.  It  is  well  to  connect  the 
forceps  with  the  negative  pole,  because  it  is  the  stronger. 

The  contractions  produced  by  the  passage  of  the  current  are  certainly 
diaagrcr cable,  for  a  current  of  considerable  strength  is  required,  but  the 
pain  of  the  extraction  is  less  severely  felt  than  it  would  be  when  made 
unaccompanied  by  the  current. 

This  method  of  producing  local  ansesthesia  was  at  one  time  somewhat 
popular  among  dentists,  but  partly  on  account  of  the  fact  tluu  it  is  al 
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best  an  imperfect  method  of  prerendng  the  pain  of  die  operation,  pirtt; 
on  account  of  the  mechanical  difficulties  in  the  way  of  its  employmeot, 
and  parti)',  also,  on  account  of  the  popularization  of  rutrous  oxide,  i* 
tiAS  fallen  into  disuse 

Faradic  anesthesia  may  be  utilized  for  the  relief  of  the  iiritation 
caused  by  the  application  of  caustics  to  the  larynx,  eye,  or  ntcnis. 

Dr.  A.  Tripier,*  of  Paris,  ha&  recently  advanced  the  theory  that  faradic 
aiuesthesia  is  explained  by  the  interference  of  the  different  impressions 
that  are  made  on  the  nerve.  The  impression  made  by  the  faradic  cui* 
rent  first  reaches  the  cerebral  centre,  and  neutralizes,  or,  at  least, 
diminishes,  the  impression  made  at  the  same  time  by  any  other  irritat- 
ing influence.  This  thcor7  seems  to  us  sensible  and  just.  Dr.  Tripier 
fiirlbcr  recommends  a  return  to  the  practice  of  faradic  anx.slhcsia  for 
slight  operaiiom. 

Hydro- EUstrisatim. — Dr.  Beard  has  devised  a  method  of  appljr- 
tug  electricity  by  means  of  a  continuous  stream  or  jet  of  water  flowing 
from  a  metallic  lube— or  one  that  ha*  a  metallic  orifice— connected 
with  one  pole,  while  the  body  of  the  patient  is  in  any  convenient  way 
connected  with  the  other.  A  jet  or  stream  of  water,  bo  long  as  it  is 
not  broken  into  spray,  will  conduct  tlie  current  from  one-eighth  of  an 
inch  to  one  or  two  inches  from  the  orihce,  according  to  tiie  size  of  the 
stream,  to  any  part  where  it  may  be  applied.  Cfmtraetioni  of  musfla, 
and  ail  the  effects  oj  prdinary  iocalixed  e/ettrita/ufu,  may  be  thus  pr^ 
ductd. 

Tliii  niflhod  of  electrisation  is  adopted  for  tliose  localities  where,  on 
account  of  the  natural  sensitiveness,  or  from  tlie  nature  of  the  disease, 
ordinary  electrodes,  by  their  mechanical  irritation,  cause  unbearable 
pain,  or  where,  for  atuiomical  reasons,  tbey  cannot  be  applied. 

For  supplying  a  continuous  strcani  of  water  we  use  an  ordinary  stiS 
rubber  bag,  whicii  is  filled  with  water  iu  the  usual  way,  by  &rst  com- 
pressing the  sides  and  exhausting  the  air.  Connected  with  this  bag  we 
use  silver  tubes  of  various  shapes  and  sizes,  provided  with  smalt  thumb- 
screws for  making  the  connection  with  the  battery,  and  either  insulated 
or  Doo -insulated,  according  to  the  &[>ccial  purpose  at  hand. 

The  various  douches  titat  are  used  for  tJie  cavities  cf  the  body  may 
be  utilized  for  the  same  purpose,  provided  the  leather  tubes  art  Hned 
with  spirals  ef  wirt,  te  kttp  up  the  connretion  «/  the  airrent-,  or  tht 
tubes  are  compcsed  of  metal  and  insulated. 

On  this  principle,  and  in  order  to  meet  the  same  therapeutical  in- 
dications for  which  ordinary  electrization  is  employed,  applications  maj 
*  Atcbircs  of  Ekoiolosy  sad  XcuioIciq-.     M«j,  1874,  p.  109. 
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be  made  to  the  exitrnai  audiiffry  canal,  and,  id  ca&es  of  ni^jture  on 
ulceiatioo  of  tbe  mcmbtana  tynipant,  to  the  middle  tar,  by  a  stiaigbt, 
insulatrd  tube,  or  by  the  ear  douche ;  lo  the  cenjunttn-a  by  a  «ngl« 
tube  or  by  the  ear^ouche  ;  to  the  nasal  passages  by  the  nasal  douche 
or  metallic  posterior  nasal  syringe ;  to  the  pharynx  and  naso-pharyngeal 
spate  by  a  properly  curved  tube ;  to  tlie  stomach  by  the  stomach-douche, 
such  as  has  recently  been  used  by  floss,  of  Letpsic,  oc  by  the  stomach* 
putnp ;  to  tlie  bladder  by  the  bladder-douche ;  to  the  vagina  and  os  by 
the  vaginal  douche;  and  to  the  cavity  of  the  uterus  by  the  uterine 
douche;  to  the  cavities  of  opened  abscesses  ;  to  stumps  that  are  slow  to 
heal,  and  finally  to  all  irritable  ulcers,  wherever  situated. 

Either  the  galvanic  or  the  faradic  current  maybe  used,  and  the  water 
may  be  pure  or  variously  medicated.  Warm  water  conducts  better  than 
cold,  and  is  therefore  preferable,  except  for  those  cases  where  the  tonic 
effects  of  cold  aie  indicated.  The  coiiductiug  power  of  the  water  is 
also  iucrea&ed  by  the  addition  of  coaimon  salt,  and  ^-arious  mediciaal 
substances  which  arc  ordinarily  used  fur  tlie  treatment  of  tlte  conditions 
for  which  hydro-el ectri/ation  is  indicated,  and  may,  therefore,  be  proper* 
ly  combined  with  iL  Potter's  hydro-therapeutic  contri**ance3  are  very 
convenient  for  the  purposes  of  hydro-electrization. 

Rleciro- Medication. — Long  ago  it  was  contended  by  Fabri-Palaprat, 
Orioli,  and  Vergn^s  that  medical  substances  could  be  introduced  into 
the  bo<ly  by  means  of  the  galvanic  current,  but  by  Remak,  Kosenthal, 
Trtpier,  and  others  their  statements  have  been  d>M;jcdited.  From  our 
experiments  it  would  seem  that  atropine  might  be  introduced  into  the 
system  by  means  of  the  faradic  current  in  sufficient  quantities  to  slight- 
ly affect  the  pupil. 

Recently  Beer,  of  Vienna,  and  Von  Bruiis  •  have  succeeded  in  intro. 
ducing  iodine  into  the  dead  and  living  subject,  by  means  of  the  elec- 
trolysis of  iodide  of  potassium,  for  this  purpose  they  have  used  a  glass 
tnbe,  containing  a  solution  of  iodide  of  potassium  {  i  to  i,  or  i  to  2), 
tightly  corked  at  one  end,  and  at  the  other  covered  with  cloth  or  a 
piece  of  bladder,  and  connected  through  the  cork  with  the  negative 
pole  of  the  galvanic  current  by  a  piece  of  plaiinutn.  The  positive 
electrode  may  be  of  a  similar  construction,  or  an  oidlnarj'  sponge  elec- 
trode. 

If  by  this  arrangement  an  application  be  made  through  the  face— an 
electrode  being  placed  on  each  cheek— for  a  few  minutes,  traces  ol 
iodine  can  be  detected  in  the  saliva.     A  good  test  for  iodine  is  disvl' 

"  Die  Gnl*ann.Cl)imtgl/;  cxia  <lie  (kltinnkautftkundElektrolysitbeidiinaKisdiia 
Krkakhcilai.     TiitiiiigeD,  l570,  p.  I  j3  ft  try. 
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ph^e  of  carbon,  which  will  detect  one  part  in  1,000,000  pai.s  of  water 
by  the  purple-red  color  which  it  produces.  Another  test  is  glycerinCj 
which,  mingled  with  iodine  and  electrolyzed,  gives  a  dark-blue  or  black 
line.  The  electrolytic  introduction  of  iodine  has  been  used  in  gland- 
ttiar  swellings  (as  goitre),  effusions  in  the  joints,  periostitis,  and  with 
asserted  success,  after  simple  galvanization  has  failed.  We  have  ex- 
perimented in  this  direction  considerably  without  arriving  at  any  con- 
clusive results. 

The  difficulty  in  all  therapeutical  experiments  is  that  we  are  using 
simultaneously  two  remedies,  iodine  and  electricity,  both  of  which  are 
separately  efficacious  in  producing  absorption, 

Podalgia. — There  are  certain  obscure  painful  affections  of  the  feet 
that  appear  to  be  sometimes  of  a  nervous  character — a  kind  of  hyper- 
aestbesia — and  sometimes  appear  to  depend  on  actual  injury  of  the 
bones  or  tendons.  The  former  class — of  which  we  have  seen  several 
cases — are  really  medical  cases,  and  are  to  be  treated  by  central  and 
local  galvanization.  The  latter  are  surgical  cases  and  aie  to  be  treated 
by  local  applications. 


GLOSSARY. 


RxflM^tien  of  Iki  Itrmt  tied  in  ELKCrxO-THtRAPZimc3  (Medical  and  Snrgi 
cal),  imluSng  aUa  many  0/  tM  ierms  of  El-Ecrao-Fmrsics  and  Electro- PhTsp 
OLOGT. 


With  ihe  ptogr«j  of  the  nndy  of  Etectrkit)'  in  its  rcl&tion»  to  Phjrrirt,  Pliysl. 
olO£]r,  PracticAl  Medicine,  and  Surscry,  Iticre  has  ariscD  ■  new  and  extnitive  t«Tim> 
Botngy. 

The  terms  tticd,  c^>ediUly  In  Eleclra-Thcraprucic*  Uld  Klectro-Physlalogy,  h&vc 
been  introduced  by  different  obwrveri,  in  vftrions  countrfea,  and  In  diflerent  lu- 
guacM,  and  arc  all  necnarily  bared  on  &□  incomplete  knowtcd^c  of  the  tnystcriotu 
fbrc«  whoK  phenomena  and  manifold  relations  they  aim  to  dctcxibc.  It  wu  incviln- 
ble  that  a  oomencUlurc  dcvLtcd  under  nich  drcnnutanixs  &)iould  be  more  arid* 
inaocurate  and  oOTfuiied.  Tlib  inaccuracy  and  ranfuiaon  have  been  HlU  fBrtber 
increased  by  the  carelcnnesi  of  writers,  who  have  mi.tunden'tood  and  nibapplied 
thcK  lermii,  and  greatly  perverteil  them  from  their  on|^a1  meanine.  It  would  ba 
<^mnh  to  find  any  two  autbon  who  entirely  agree  in  their  an  of  Icnns,  even  of 
tfeoM  wluch  are  most  frc^uriU  and  most  important ;  and  teadett  who  are  not  Ifaor- 
oughly  familiar  with  all  branches  of  the  subject  in  the  various  language*,  and  wUb 
the  ineomct  as  vrcU  u  the  correct  phraseology,  are  coutantly  bewildered. 

It  is  believed,  therefore,  that  n  lUl  of  the  word*  and  phnuea  employed  by  writen 
on  Electricity,  which  should  present  their  orifinal  and  derived  laf  nlnp  b)  ibdr 
wiotu  OMnldmtloai,  with  their  correct  and  incorrect  syiionymi,  would  be  of  service 
not  only  to  those  who  conwll  this  volume,  but  to  all  who  occupy  themielTcs  with 
the  departmeat  of  Elcvlro-Therapeutics. 

The  need  foi  sadi  a  list  is  rendered  the  mor«  Impcndva  Iram  the  fact  thai  many 
of  ttie  terms  it  includes  cannot  be  found  in  the  nort  r«c«it  Actionarica. 

The  teran  which  we  have  ourselves  introduced,  or  to  which  we  have  given  a  new 
comhuutlon  or  attached  a  peculiar  ugniGcation,  are  destgnnicl  by  a  sisr  (*).  The 
figvio  refer  to  the  p«fei  in  the  prcMDC  work  when  tbe  icmu  to  whicfa  llvgr  refer  m 
ta|>laln«d. 


Akjiuiammttoii.  Ta  ea  iponnd  niirfCTiry  (qiatfc»3—r>  miA  maiW  miiiI,  In  EUoto-PIifife*,  eIk 
term  ■■  iMuoUr  i^p&td  Is  llu  CorariaK  of  lb*  diK  piMet  wM  iBcrcuiy<  brampvuriDicnw  ikia 
aa  add  tolaliitn  and  diea  illppknj!  ihrm  in  mcmcjr.  or  pouhng  tc  ova  thiam. 

AMn.«<:n9TDW0«.  Hie  plwt«  of  .itmiauJuil  imraiUity  whidi  *Pr"U«  U  ihl  p<i)ti<«  poW  wb«B  a 
novi  b  in  ih«  •iMlrobinK:  oiulitiiiti 

Am  HAL  ^LTL-rKp  irv 

Ah  IONS.    In  ehctniyiii  ih*  «lactro-p««id*«  wbiBwoM  dnr  go  U  tt»t  cathode  (Fwaday) 

A]>ODi(aM,  upwanl,  and  Mm,  aajr).  WhaR  A*  OMTcnl  onkiit  oUed  ilta /antirt  ci t^^^r  frU 
Cranday). 

Aktoidxs 

ArnBAiVti  A  eenoiranM  or  oambinatiKi  Eu-  k  cwrUin  pisrpoa* :  «Am  «t>d  tyiwyaowaly  wlA 
iMTittaf  or  htttltrf,  Sljicilr,  bowcvcr,  appaiatua  a  app&cd  ooly  n  dw  mvc  naple  antnTaxcfc 
•nd  WKliine  to  ikc  mane  conplax. 

AnuATum.    Ban  or  ttt^tn,  whkb.  wbcn  pUocd  ia  odducI  nth  the  pole  of*  iii«cnr«.  praacm  iu 

AtCEniHNC    Fnnn  periphery  n«>ard  tlw  oentn,  applied  aapociifiy  is  At  BW^wwe  wjytt^. 

BATTMtv  Cnw^Ki  (>cc  nijuaoic  Ctirrcnll. 

Uattuv.  Euu^raic  (ur  talvaiik}.    A  trritt  ut  Ijer4«i  Jan.  or  ((oon  ft^^usady)  <«■■,  cnwiacwJ 

tocMlier.    TtM  lenu  b  applied,  biomtntr,  tt  a  /m|^  eelL  tad  incwnedy  ako  Id  a  mackia*  m 

kppantDi. 
{toL-iiD  EucmoTV.    EHu criciiy  In  die  I^den  )it. 
Cataltmc  (itar^  sod  Av«if,  froni  AW.  id  diicncac*)-    Tin  ^eotptioi^  ami  ih*  xtwapanyinc  mut- 

fcTaiM«r liquid* uuaed  by  itie chciBic4l Mtioo cif  Ihc mIv^ak a"m'  (RcaukV    Ilia  *  part  and 

reauk  of  dectndfiU. 
CATALmc    Penaininf  lo  eMalyiilk 
C*TW.*CTiMrTu*m>    Hm  phaao  of  imtrtattJ  irritaHii^  which  appean  at  dw  ocsatiie  pole  vfan  ■ 

nma  it  in  the  riectrotenie  oondiiion 
CAraodB  {/tni,  dewmnrd,  and  Uot,  way}.    Whom  iW  imit  paaua  cnt  i  odled  alao  «Kr>'"* 

Catiohv     In  dKUalyali,  the  clecdo^ntsaiii*  lubuanMa  itai «;» (a  dM  anode  (Faodar) 

Cbu.  (ms  Elaonnl). 

CmTNaL  Galvariiatiuii  ' 

Cm*hic*l  Oalvamo-Cautuv  [tee  PttmljaiaJL 

CBUDMoacarc  akc  CintoKDOaAtH  (i^dM<,  tiu^  end  rcevirii,  m  ebtcevc)^    iMtromaau  fcr  naMB^ 

ingand  lacaniing  the  vclodcy  of  the  nceroueCmc  dcctridljr,  de. 
Orcu  Galvanic 

Cuamata  Coirntacrnom.    Conlracbna*  produced  at  iIk  doMOK  of  the  droik. 
CoaaciTieK  Tatat 
Coil  Ikbuction.    Kulli  of  inre  In  whld  the  nmnt  b  iMivced  by  ibc  AlKnnta«pening  aad  dMitf 

oTdwarcwt,  ai  KbimLorir'a  mil  (tee  tuil action]. 
.OOMMUTATOe.     An  im»2*iiimi  faE  muRiuric  ClK  oirrenl. 

CWiiMwnB.    An  iptaratu*  t>i  coodcnams  »  Infte  qitmtiiy  of  riecPkky  wt «  w>all  lar&M. 
CoMDUcniao  Wius.    The  wire*  that  conduct  the  dceliicitir  fraia  the  owchine  Iu  the  ebctrad^ 
CpmWCTlvl  TT  (or  cn>idu«i1ii]>ty).     Ttal  properly  by  irhich  a  body  conducu  declrkilj. 
Coiraucnn.    "DM  wbkti  conduct*  electncity.    SotDetime*  lued  for  rtrclr^dt, 
ComTAKT  CuNRcrrr.    The  E*t'ranic  curraM  (nun  deoieal*  with  Iwa  liquiJt.    The  comuM  lieltent* 

diat  ate  beet  Vnnwn  in  tYxa*  of  Daniell,  C>ro*>e,  anil   nunten  and  theit  moilifitaiutii  (p.  >6}. 

Applied  alM  10  ih<  /iMieiV  curttnt  in  (enent,  aod  UMd  «Tt<onTinmi(ly  with  r-*nimtifat.    It  « 

ttnattinie*  prcliind  lo  (nLintnic  Oiiical  t<:on>tant  Balmuc]  la  llw  kiim  (d  ■Mu/rm^fJ  (ace 

Celnnic  Oirrentt. 
CoirriNtrDtrf.    Cotutuxly  flowing  bene  direcckin,  xenelimc*  aaed  ■■  ilieMmeMa(e««(w«Meii/«t 

gaJtmnic.    Sirkily,  it  dtould  be  applied  M  (be  luunMnureed  galittitic  cunctu,  moc  ibe  faiailir 

eomai  b  alvay*  nrnotiipted  (eee  (Wvaoic  Cnneni). 
OwrtmetfS  2l«ctiiuattcmi.*    Th[>  Mm  ni^i  afipfofrianly  ka  apylbd  (e  ibe  ptwraaad  apfCca- 

tiont  made  bf  £]ilvuii>:  diski,  bolta,  chaiol,  poultice*,  etc,  oarn  oa  the  bedy. 
CoirrvACTiUTV,  EL'Ct«»ltviri'L*B.    That  pr<.i|id>  uf  miiulci  ihii  eatites  them  teooalracc  wbaa 

acced  upon  tr  the  elccrric  ciirTenC     li  •*  to  W  di(tiu((iii)icd  bam  irriKabilaly,  ihiA  II  Inetade*. 

EWuoiDiiKiilar  iniiAbilitj'  aay  eiitt  in  lautctci  ibat  bare  wlielly  tetl  their  ilmill  ■iimiihi  ki« 

VBCUtiTy  (at*  Im' lability). 
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CovnB  Pou  (aee  PvibK  Pole). 

CUMMirr  CHAMcaii  (•««  Oimnt  Revcrwr). 

Ctnttut,  Elsctkic    T^  eoMiiniaui  dbcliWBt  el  tlMtridir  ifcki  K»alt(  Am*  dwnuul  Ktion.  nicb. 

for  cninple,  ■*  nkei  pUoe  in  anr  ordinuy  lalvmric  ccfi. 
CL'imwt  UiBKJiUR.*    AciMMrivancc  br  iiirmiiin  lh«  ■Tr«n)pti  rfihi  nifTinr  mflituf  lrtmif^[  fil 

tirtwSt,    A  tofm  of  riMotut. 
CVnxKT  or  Tini  PiLB  (kc  Gafnnic  Cuneni). 
Ct'B»T  lUvsMu.    Ab  vraiiccnieM  for  re««nMC  im  CurrCM 

CuBHBXT  SiLFcraK.     A  cOBlnTanCE  fiw  tiniictnf  My  imtoi  number  cTcksMatt  iati  ibcocuib 
CvUDD^  UAOiniB.    A  htta  oS  nwditnc  far  f  cneraiinx  iiailol  dedridty. 
DaCunnMVm.    Aa  WMruMcni  for  wojarinf  nasnctk  dcdinaiioiL    Tb«  mtriixr't  nmf^n  u  ■ 

ilediM«»eMr. 
Duiirrr.    CompatinaL    TV  ilni<Iiy  «f  a  cuROil,  edtc*  comliUuat  bciog  Ac  um^  b  In  prafwciMB 

10  th*  tnaUnrM  of  ihc  dcctrvdc*. 
DWCTimwO.     From  the  coilre  lovard  the  perit>lmT- 
DUMMmsTiMi.    That  prvpeny  of  txxlici  by  wliich  ihoy  nuaiTeu  lh«  turn  naciiMic  phcnoaMw  m 

inn 
DKLacTKK.    A  mcdiura  ihmich  which  ioiluciion  U  propagaicd. 
DirutdC  CoKiucrivH* 
Oirai.ui  AiiKAMOtMnT 

DirrtMa  Nhuks.    A  bmAc  for  meaiunnt  ibc  miirtrTiir  dip. 

DnacT  Ct.«uKT  («•  Dnomdioc  curT«ni]t  alw  UMd  fer  ««Awa<r  cuntoi  (we  Goltwic  CKnvBl) 
DancT  CucTRUArioH 
IhT  (or  ciuaniMnu)  Facadii*  noH .    TanAaa,va»  with  dt^r  dectrad«t 

PTMAMICAI.  CtaCTMCtTV 

■UCIHC  (claclikaJ).    Piminiac  Ut  >!«><'«]  bom.  or  tsnuinioc  cleciridlr. 

AaCTMCa.     Thoas  wluBnom  which,  *rfam  IkM  ia  ibe  bond  and  rubbed,  b«QMn«  dectllc. 

Iiacmc  IUtn 

bacTVC  im  nvollk)  Bkvml    A  wire  bmife  lued  u  cUctrad*. 

SucniM:  (or  galnaic]  UiMIl 

XucTMC  11*HD.    Tbc  haaij  ntcd  aa  aa  (Iwctiod*  In  rf(«»imla«i' 

ElktukMok* 

Kuicnuc  PoiHTS*  (aeo  IfoWir  Punli). 

KUKmciAN.    Ona  who  itudiet  tl«ciricity  lnil>/J>ri^A>f  rtlatiMU,  uia  Mlqptpny :  oftudoM*  OmI 

rrHMMmiJy  (or  ctcclrvlherapcuciu. 
KLacmnr*  <4*«rpgr,  ant»r) 
Eucmrr.    Iliii  ttrm  ia  maally  appUH  to  Iba  um  oT  antieal  dteirkiir,  and  is  llkirtfora  vraaay^aiM 

wirih  lnuiUiniaati<n.     Ii  h  aacd  tomTtime*  ■ynwn'mowity  wlih  ckctiio^ 
VxacmojiTWa.    The  aci  of  deaiiiliiK.    The  term  Indudaa  fanditaiia^  galTwiiallaa,  aod  rranUin^ 

nMv.  or  the  ■p>fc»'w'i  of  nancal  demidty. 
Ym  Um  nke  nf  unifoniily,  b»i1  ia  ordcl  M  prtierri  tht  dlalinaian  b«l»em  Aa  diAccail  melfcoda 

ofapfJIcaWM.  rtntriiatitm  hai  ui  Ab  woA  uaualtj  beea  pfdcrreil  to  ihe  periplirulic  i  m  1 1  lalnw 

—a*  UK  of  decmair- 

BuemtBa,     To  altcl  fay  decliicily. 

£uRT«o-A>i.uTiuilJt,*    'Hm  pru-luction  at  Iocs)  anvidxala  by  the  apvUoitlaa  of  dactridly.    nt 

bndic  cnmDiia  lueJ  for  ihii  piirfMae  (m  Cmdie  ULBHtieslal. 
CLHrrM>CHBM>CAi.     Ptrtauiiaf  M  clcciirrdttinialry. 
KLacTWHCwKtiiCAt.  Bath 

ELacmo  CniMitTvy.    £lMiricity  iBJurototioai  tacfi«ati»try,  ofwhidh  *iwo«tyiMUa  brwictu 
Elktmmm  E^tarpor  and  M%,  way).    TVe  way  by  >hi>Ji  lh«  pontin  aiiid  oecati'ra  alacUialial 

«B«rfb    Tb«  pOBJ(i««  pola  ■•  monaciad  wiih  ibe  ntgalim  meal  of  (ba  «1«bcb^  and  iba  Bacati** 

pole  la  CTaaatiid  with  Aa  p«Mdir«  CMtaL 
EijtCTMt-DiMUNWiia.    TV  ■■«  af  JuwxJif  m  *  nmnt  of  dia^niMLiciiini  iCaaiw  (p.  tOSJ,  cdtad 

alw  fttfr^fm  fMftr- 
Kucnte-DvMaum.    11m  jhlMW  «f  llaBriciq'  ia  Biotioa.     Cipcciatir  ini''*4  «>  I'm  laaMri*! 

BitnclMM*  a«d  xpiilwBWi  of  cunwtii  en  cutmta.  and  cuirema  m  nacrmti. 
KucnouK*.*    lUtaBhi^  ■  to  nrfadgaa  M  P*7««,  PbyMolqir,  Padwlogy,  and  TiMnfMMin 

■  laini  —d  MUKtcU. 
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■tKT«OU)oi«T.*  One  wh»  ii  voncd  in  itcciricity  io  In  idailoni  n  Phfiio,  Pbytiatogf ,  PiAakgy, 
Md  ThuspeuM*.  nu  ak  Klcclra-PhrBeii,  Ehctt»-Fliyuolsgy,  Etaettv-PfttWofT  <ElMSO-OI 
aganld,  ud  Elecim-'n«np«uii»  (ClRttv-Mcdidac  and  Slectra-SuneTTl. 

tucrwovna  fttwTH*  ■«!!  Xu'v— «lB«nch  A<>nf,  dUsagaiEnc)-  TTie  »ct  or  pwcM  of  d«3ua|)u<ii>| 
k  ooMpouid  nbatUica  by  dcctncity. 

ELBCTBOiurnt.    AfabsiuKa  which  !■  laicaptibic  of  decmlyMki 

EUKT«0I.«T1<^     l^MiomiK  «D  •bandyln. 

EiBcrKM-vn.    To  dooonpoM  a  oonpiwod  wibwtnw  br  iIm  aciioa  af  ckcykuy. 

EkacmiLVKATMit.    The  od  of  clecuDlTxinf. 

EwcTK^MACHrr.    A  bar  of  aoft  bo*  which,  ^ider  ibe  IbBiibdcb  of  iha  cohMik  ciara^  tnoBBM 

K^Mcr^o■ilna^'w^l*1.    Tie  pbcDomenB  of  nwc'xl™"  produced  br  an  ctcetric  ouraaC 
Biacno-Umt-lFK    Heciridiy  b  Im  rdadau  lo  nwWtfai. 

Bt*CTB»-llBHCAU     PtolanlaC  tt  <leCbO-nedidbb 

BLacTKoUKMCATioW-*     The  InvodncdaB  of  iniiTili»i  bta  Am  body  by  Bwasi  of  ckBiicitr 

[p.  J*»). 
BLBCTvoMCTKr.    An  iniiiiiwiat  far  iB«a*w>ac  l)>«  cbarse  of  a  h^utry. 
BLBcno-Mir.TVB  n»cx 

Eiai.  I  n>«i>TUR.    The  owoU*  diat  KtiMraie  an  «ltctrie  «aneaL 
lltMcnBo-OTiATaic*.    Thcctccm^hjriiolivjrMdccirMlMnpcuaeaofitwcM. 
EtacnwPATHDUiov  [lee  ElecCTD-IlfcuiwA^. 

VtacTBOraaav*.    A  ooalfi*aaK«  for  ciHten'n  rfcooicity  by  induoMa. 
CucnorwMnn  tlACMta 

EucracrPaTMCs.'    EloMticity  tBit*|A]nicali^liM(. 
EuccTMO-l'imMOHOHv  ■ 

EUCTIM-  PlIVMCt/IC  V 

EuccTMO-PirrMvuiUK'Ju.  An  atomy.* 

EiECTM>-Pirv»ioix>ci«T.    On*  who  nrudin  dtcnicily  ia  itt  phrtialociail  rdaliauL 

KUCTna-PvncTivii.    Tbc  appliaiiiaB  «f  J»ttritity  (caloaaoc,   faradk,  «  ftwUiak)  hy  : 

inovdacrd  bmoath  [he  lurTm. 
EuKTaoaoora.    An  inHnioMni  (nr  dtttcdat  tha  ponatit  cf  HHleU  ilKPidiy. 
EUCnm-SKMIiHJTV.*    Smaihiliiy  of  the  body  M  tlwtiitil)'. 
EUCTVO-Soaaaav.     Hw  ate  a!  dccmdiy,  of  aajr  btja,  w  bf  any  lamhuJ  of  applkadoo  fn  (Vf(- 

cal  dbaaaat.    It  indndn^AwiWKnv^vry. 
BuCTM-SOKXPTtDtUTr.*    Stucapubla   I*  olWBidly,  indiuliiv  bMia-anptibibtj  aad  falnno. 

■BuK^tiliilily, 

Eucnto-THcaAiwTicAt  Amatoiiv  ' 

Ei.acT*o-T>m«ricuT(oi.    Tin  am  nf  iilii  iiiiilii  iif  ■!!  (i i  in  ilii   m  iim  m  nf  ilia  iw      Tbaicr* 

indudu  boill  ninlical  and  Wpctl  alsctriciljr  [ettctni-nitjeryl ;  atu  /••.'•wav-zA/n^^MinCr*  anl 

/iMbww  twrjfrr-/. 
KtMerm^-TitaK/umori sr.    Dn«  who  iiudici elamidif- ia  its  Tibv^ksfanaf  nlaliaiia.     ITIiwihi  iTiiia 

paotiM*  aiw  fiwqiwoily  ami  ■rnriwoutljr  calUd  Elacunaai  (IM  Elacvkiwi). 
BucTSOTOHic    PoRainuiE  w  or  dorind  ftwB  ^wjUillOina. 
EuamnTOHos.     *nK  loadificaum  which  ■  oafva-oumni  aadorfoaa  adwn  acted  npoa  by  iba  |alw^B_ 

cumnt 
EUCTHO- Vital.     PgMainiai  n  aainal  el«ctiicil]r,  whiA  it  dcptedaai  «n  wO^f  pcoecate*. 
ZtiattiHT  (ample,  or  pair,  or  cdl}.  OaLTairC  or  Vi>i.t*K.     Twa  heletnseiwoui  mclalt  iHHTraad  h> 

acid  Hdutian.    Thiu  wa  hi*e  Soh^*,  Gnv^t,  Buniicn'i,  and  Dauitil'i  EUanentii  caUod  alM  a 

taturf,  tlihouch  twidly  a  tAtNrf  aguta  a  aanca  of  ekawnc*. 
Grraii  CuaaaHT.     11>c  cumni  which  b  indticcd  by  any  a>il  o(  wi>c  on  ^  adjacml  oafli  of  Ac  *aat 


EmM-tOLAM.    Not  included  in  ihe  intn-polar  rafion  btiwtcn  tbc  polci 

FAKAiac  (Fakadiv)  cvanxT.  Tbe  indncevl  cnmnl  (p  ji).  The  teim  ix  apfliod  hoA  to  Ibe  rltttr^ 
mmgt»rtie  and  macmtt-titttrte  r»rr*mU,  nnce  ihey  w«n  both  diaconred  by  Faiaday.  Callad 
ab*  tfemd/uy,  bttrmtfttJ,  tmJiKtJ,  tm^utUp;  t*  amd  fr*.  i»dir*rt,  tUrtrv-m^gmUitt  and 
imagint^^rttric.     lit  tkh  wtri  tit  ttrm/antJic  hm*  ttm  mitifrrmij  tUUttrtd  U. 

f  ABADtui.    Tha  pbtnomana  ol  Itw  Carmlic  cunenl.    SoMadmaa  mod  iat /mrmdiuttmi. 

FAKAiaaL    To  alfiMI  by  appbcation  of  iba  taradic  mmnL 

F«>Aixi*7N>.    ASecdnB  by  applicadon  of  die  &radic  cnnwnL    (Aecording  to  our  Hgbtai  awbarilj 
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h*»M*igiihjrftia..i«i«BBMo<tm»ui.k<r-ifc.  waiMwwiK«ki--/.n«i£.i>.««.«. 

of  ■pdlincdiBiBordta*dMtMM«l*d*aMa(cdMI  u  Iim  ksn  1m(  and  aa4  b*««eM«iatk 

Md  tNCMdinitr  •*!«<*  MiImJ  li  U  ikit  •oA  mad  te  >a  ourraMM  viiiVK) 
rmtASB-eairTaJiCTtLiTV.    OMmatttr  widw  A*  feimdie  emwL 
r*«ABi^Bi«naoLViaii«it.*    The  ■■■^■■wi  iwaifawdiMnw  •■d  tlnrn^yiii^ 
y — »B»^mf.i  I.M-     Clearo-pmcnaw  arUi  die  hmdle  cvfiM*.  k(  ihkIi  bhiI. 
rAHAJw-WMsmxLiTT.*    gifcMf aiilay  i»  iw  Fwidte  aunu. 
FiAMSLiiric.     Farkuuiak  to  lUlkHl  Kkeirkiiy. 
FaAMtuauM  (Fkahkud).    nwphaoMMM  of  Matlcd  ckcnfalty. 
PaiUqtLWIMtWK,     T^  ■fipUotiwi  «f  MMkkl  tkcHkiir- 
mCTKMUl.  KlBCTMCiTV.      bWtriciiy  stacMlai  Iqt  fricMft.     It  h  om  tittm  ctf  Matieil  rf«and>i^ 

which  U  ih(*Hlcr  HfM,  McMiag  Jwuitiif  f»MWl  hri*"M«*  sr  cfaracii  tat  rii*  ■**• 

•n  kMd  lyiuvimniulf. 
QM.V1UIIC  AF^AkATV*.    AfpTWHi*  far  iiMiitiin  asd  fciiilJilm  ike  catrarie eun^it, 

QALtAKIC  ttlLT 

Cavtakic  OuM 

Oalt AHic Onam.  Ton BCtab •■  a l^aiil— (Itc  E^vwuedBmaL  |i*««roctl  AiaH^MbedW  iIm 
■  rirrml  tu  rA»m.     A  cMi  Bar  W  mmgtf—xmK  sell  or  fair  ;  iv  (M^fkiwaJ— «aVMBl  >nMd  !»• 

Oawamc Cfi— w.  a nanni  ftnmwd  hr  AtaiaA aemm maA  ciiiin  tkeeAf  h^m ilM edL  fAu, 
«r  baiMrr  w  vWdi  ii  h  gi»mi  ;  diMncawlMd  fram  A*  fca*dii  bwwwh,  dial  K  <ndi«ed  cm  a 

Oalvakk  K  IhMfkl  Dmu 
C*L**»ic  PAB  (ua  E'wawn). 
OftLVAHK  rimaiii  fwwa  awfla^ 

OuTAMM.   Thaiilwn  ifchli  liw  rf  JMHiiij  *■!  MiiMiiiH  *wdBlM«iM     adhd  iln  ■  r 
ib^B^Madh>rriMMUiyOT«aUaU«.  -j------  ■      ...  -   .  ^.     .  -   ,    ^    ^    -         ^   .     | 

«««Vitn:  PfcnMtpmMdHaMdMwaiarany  It  by  fca  MM  dKiwa  ft— GrtiMt. 

Oautamuthm      irr  fiinTiTiiBiTiraiiii  afftiif''^^  ■■■"■i. 

OaLViunK.  T«  aAcl  bf  apfilJaiilaa  of  cha  g^titmmie  tmnrmt,  wii  Mai|  nfliJ  to  lA  tm^  ed 
•lacvintiai^ 

Oalvakitt.    Dm  who  u<a  gdnnka  (link  u*ed]. 

0«t*AM>CAt.-i>n<:  <M«  Oallai»iaaiiiT) 

CAUAwi-cAu^BauM.    Tif  inrrntiw  tHhagthinn  t»nnwj  («aaOihm  uBiirfciltirf. 

GA*.rAjia<AumuAtMM.    Tke  act  if  fci^wiag  ar  warinc  liy  ■  aaii  tiwdi 

OALVAKO-CAirraw.    CialwJMH'ni  ky  a  wdiliag  *tn  ImmRt  |lalkMa)<  haaind  b^  *■  iilii 

real :  aled  abopdnB*«Mi^  ar^aAaMMMwi^ 
OAt.rA)K>-0M>niACTiurT.    OmnuMtf  tmiw  A*  plnaleadnML 
0<u.'AMu-r*auMAT«Mi.*   "nacAaiJteaMMapfliwlMaf  iM^hadcMd) 
Oa^iTAmnnrraa  (at  ai  ifcl|li »)■     **)«ai»— ■fcrdawtdag  *a  >wt—  aad 

bf  ih» MRncili »r  •  MntM.     ll  k  ^\iiMit  mrd  br  Jimij  Awhi'i^W  ^  cHa-  K aMMila 

A*  OMa  ef  A*  ^raiit  omH  *■!  A^r  Ml  finnc      li  »  h»M«W.  Btpaa  aMf«Malri]>a» 

■aosaida 
CALMjio-KJiCTan.    Buiii  nwwn  •itk  *t  j^Waate  cwmbl 
fhA-TAaaaaoea.    Aa  laairiiiwl  fct  ■djrawn  Ifce  j>f  «jr»«a<  dytiMMtal  JuMkitj'  aMtaal  JifciMa 

<M  ha  awwat. 
CAl.TA»0-4VsaMV,    TWap>UM<Wirf<w (a^atj qgrrtalto t^itry. *rmtlti»\Ji*  iwim. 
Oafcymu  >M*aiimirrri*    SHaaftftfV •»  A« lalvwuc «na>i. 
0*t»«J«»^— waw  I  aji    TW  apfliBtMB  s<  Ac  foJbMaA  convnt  to  Acnpi«ic%a  panrfalen* 


uitodcawiAAalrndki 


iMtadbrAa 


OnwuL  SumtuneM  ■ 

flllll  riaimiiwia  *    Ircncralci 

fllMlll  ri|-i[  irn-     *    G^»mHiiM<iidnii»JAAfJri^1 

IUlul    TWcniaf«<ni4r*ai4agB»aB^Mi«appMan 

HiMv-hactanamM."   TW  itfiw^i  al  Ji  lilrfg  fcy  — wa  -rf 
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iMCXEAMva  Ctmstirr.*  An  applicstioo  in  vtildk  lb«  Umct'i  of  A*  cwnirt  it  fiadiwHy  intnMf< 
wiiti^Ltt  t««aljnc  lh«  cumm,  o»IImI  alw  tirtllhfntrrt»t. 

IkdIUCI  ELBCTIKAnDM 

Ik«ucu>  (or  taductinn,  oc  loductiTcl  CwtaKirr.  Aa  anullr  uadcntioili  itw  oimni  which  It  InJucal 
in  %  nO  vf  win*  fnim  anatlMi  oaQ  rtMiiiinti  whkh  tf w  cumBt  pauc^  Cunvnn  luri  Ixnrvvw.  b* 
induotd  is  any  bmoIUc  cenductM  fren  ur  *Att  ■fwlliV  cvaduu^r  clcu  U  tnwMd  br  tha  «li» 
IrkciirTcnl,  cir  fran  p»erful  nufuctt,  or  (iva  ibc  nuxnclic  adiait  of  the  outlh 

iNDt-anc  CrauMT.    Tbe  correot  tbu  (iva  imb  n  m  indwocd  canvnL 

IXDOCTWM 

IsDocriVB  |tca  laducel  Currenl)' 

iHTaKvrv.    Snrngih  of  cumau  eiranooualy  nied  (br  taiuoM. 

Inbvlatok  («r  Iwlator).    AbaiciHidiiciar  ofdwtnaiy. 

iMauLNTiD.    Placed  on  ao»«iHiduciia(  (upporti,  or  ccMocd  MJlh  wii  iw  fnii<1nrliin  iiiIwTiti 

ItmnHtmrw  CvRMOrr.  Hnkoi,  bierailticd.  Hie  Gundk  cumnt  u  Mceunrily  iMwniytBd  by  dn 
■pfiManu  l>u(  ctosMMa  it.    The  galniue  ajircut  i— y  W  citfccr  eamimmu  or  aWiTiifWd. 

linmA'trnjun.    Ilervccn  ikt  poles 

lott*.    Tlie  c^nnituenii  tavt  wTitch  (he  eIei:V«lyte  I>  deconp««ed 

lutTAatUTY.    Tlul  proptft)'  of  otxwiiMd  ■ubauncei  tliu  caxw*  tk^  M  tcqiaDd  V  aliniBlL 

luuTHBiUTv,  ELBtTKO-MuKinjta.  Tbc  property  of  cauH.-tilir  hhre  thai  laiuM  it  10  b«  ■iriiij  « 
moveawnt  bj'  the  dwirii:  cuircni.  Klecsv-muKutir  imabDiiy  nay  exitt  »ilhaat  ''  "1  -mTllIra 
COMrMiiytj' ;  ilial  u.  the  nuadc*  may  quiter  or  be  •paaoMdieally  rjeilrf  by  cr^  a  nih)  cMiTeal, 
VMS  when  ihcy  {ad  n  oontnct  uixjer  :i  *cry  poverful  cufrenl. 

laaiT AMur*,  Psimart,  ^ccokoabv,  amp 'ItariASV.  Degree* of  IrriiabUiqr  that  ucobwrTvddMiai 
a  aCanct  orgalirantatioD 

Labiui  CunniiiT  (or  appKeatioo}.  An  apptkanon  In  ulilch  ene  or  boik  of  iW  ctccB^Jta  la  Bovad  or 
BMed  «««r  iha  lurfoc*. 

L«vnii»  Ja>.    AKUubotilc  partially  coaled  iridi  linroil.  tor  aoLiideauB(  mtidil  decttidcy. 

liOCAi.  ELaLTMiiATicix.  Apptica  iiaa  at  electricity  v>  vtaie  (on  «  M|U^  •■  dtMbtguulml  fran  gat- 
«rBl  elMtntalion.  m  *tiicli  the  appfioatioa  U  tnade  all  ovei  the  body.  Z^m/lt  pracbcally  lyaoay- 
IMMU  vilh  ItiAliud  clcctriutioDi  Mlthoush.  itritlly  ipe&Lins.  bcaliacd  itDplUs  riial  ll>e  direct 
■ctian  or  lira  cumni  i>  cooftned  n>  ihc  p«n  u  which  the  appliairioB  U  miAo,  whtle  local  daw  aot 
*uneii  ui)'  MKb  owaninc,  Aceordinc  »  Uii*  dltdcctioa,  electhMDoa  naf  b«  loal  witbool 
bdiac  III  r  f  laarili  lamlued.  fax  the  Mhe  ol  niiilunniiy,  ibe  icm  lacalioed  haa  been  foieatoj  ad- 
hirad  N  duvvboui  iU>  woik,  10  dkiiivuUfa  bQ  load  applicanaiM  of  clcctrkiTy  {«ei  Locriiiad 

tiOOLUso  EuumuATiox  (p.  ]si)  Ikc  tocal  Eleciriutlon). 

IfAailxa  imeccricOT  tLlertiicsl],     Any  nKhanical  caatri«anc«  ihat  gwetawa  any  few  of  tfcjullklly  t 

aUoetllod  tttftrit  ^^^r-tititi,  but  itricUr  LiuMreconipteii  lti»n  appamitt.    Tbu^  b*  eeamrfe^ 

wahlvo  Hiio'diuchiiie  for  amiical  decmcity  :  Riddei'i  niadiiue  far  the  {aliank  and  bndic 

CiiRWiU,  etc 
MADHKnsH.    'llicpowa  whii^hceflaia  tndiei  poueiaef  altiacticc iraa. 
MACNKriiAitOJi.     lite  a«  Qfaii(nFtirin(. 
UACKirD-ElxcTMCTTV.    ThrturiTiiiliinliiCTdbyamagBtt.aaiallraimiwM  JarniconoMfyiy- 

tu*.    Iiitoacformol  lh«fafadiecufT*iit.«f  which  Hwihinn  miftiwlfcli  lb*  odMT 
Macketometkb.    An  iDununcnl  (rr  mDuuruif  magDene  dadinaUoB. 
MACNrrs.    SvbiiHBco  that  bar*  the  prnprnyofaMncdnf  Iran. 
MoLacuLU.    The  minuM  pwiiiitaa  of  which  bodioa  m  aenp«*cd 
HOTciB  PcHim.    PaiasaailHibodywhcra  the  ncnc*  »aA  mgicJei  moM  readily  niqwnd  tn  ilrulilM 

tkn:  iMRtpedftcthinelaciiicpointa,  whUiiaf*atmliera>,  awl  lacIudaallfbnDaaf  nadiMM 

An  electric  curnml. 
KutTTRjaa.    Aninstniineiiifcrinuliii<lyat|at  bcTiiAn  a  taci.    aaticat  v  ekitncity.    lie! 

allied  bach  CO  ib«riA<ii*Hwr/«r  and  ffavMff-atvA'V'iiir 
NeiSATivB  MooinCATroK 
KaCATiVD  Pn'".     Wbcmhecurrcnt  pauaoui;  called  aUo  eJuw^bJt a  taiifd*.    lliecunBt  fa  lA 

Hnni(«ratttiaorCiiiveihjaatlhe  pailtivepfje. 
Rkcatitb  Vabiatiok 
KnwMuBcu  CuKmn- 

CmiMO  Cy«Ti»ACTK»».    Cootraaboi  produced  alike  apeoinjof  At  dtrwifc 
Onma 
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pJuuuMaHrrnM.    Tliai  prep«rcy  of  badia*  by  ohioh  Otry  mantfnl  ot«r>««k  pbamnam  orpoaiM  ■■4 

towtapondint  (o  iroa 
Tnonnnui.  RLBCTviiATi»n,     Elcciraacioii  of  the  petiphay. 
Pn>tt-3i.Mi  ABVAKt-BMsirr 
Piu-uKi  ARUMcaovrT 

Platuiuh  (o(PUiina>(lramSpaiiuhpb.dna, tilvec).    A ment uwd in clecnkal  raawrcba. 
PUDR'c-S'mvi  Ci^nnuiT 
PoLAl-    Rdiligctnlhepciln. 
PotAwr*  or  EixcTKicmr.    TTiai  pnipeny  of eleciridl]rb]>  wUcfa  pecultar  pfaeiuimena  ofihe  ponilva  wd 

ttccMvc Kn exhibited  *i  Tvmin  point*  (p^  «r>.    Poluiiycf  ■ntrweutbai  eoaditiMiaf*  nerv«  Wf 

irhicli  one  patlUciliil-ilitis  •  pfniliTclysBd  tiieoAictaiKSBtiveljrekctiHtltUa. 
Po«_*l>il*«Ul,     Sutceptible  of  polBrintiini. 
PoLARjIATiait.    Theact  prgivini  poUnry  la*  body  in  batwrKi 
PotAR  HmiOD.  Th«nicthndofapplki[ionbT  which  th(  diiliirrtininJ  dilTaraDtiilac&n  of  e>di  poleii 

obauDed.by  plaisng  anai  poItotct  ihrpan  ts  b«  afiocinl  and  dm  Mharin  •oma  LadUTcnnl  poiiu : 

oSed  alto  mifttar, 
Patunra.    Tocommuaime  potuiiyio. 
Pcmjuuiihc.    Ci*inf  polnniy  ra. 

PoLAauixc CiniitKXT.    HucumintdiatpKMlucMUMtloetnNaiecondldaa.    - 
P(K.(3.    Poinu  whetc  nuigncuiin  U  cnncvniraieil,  oTwhim  Ibo  dettiic  current  panrt  in  or  ont.    Tha 

wrai  fttitwt  and  ne^ati**  an  nlativ<^  net  abwduM,  unea  thsir  puuiinn  toHca  «!()>  (In  ralidva 

p«uliDn  of  (the  «I*ctn»dcB. 
Poamnc  UooinCATtOM 
PosmvB  Pnt.K.     Wh«vlh«uirT«a(anH»,  Ckllod  ttXatt  afptr  f»it  %ir  amodt 

pMUtLBV  CvKurTM  iKDucnraCnauT,  TbtcamMdiat  rwHciihrauththRfamercalt  of  wlrcla  ■ 
bcUx.  and  ihai  indue**  a  nirroil  on  lira  mil  iliat  tuiraunib  ic  (p.  fa).  Uaed  Bnuiemiiy  at  vfv«iB/f 
DioiK  wilh  f«/nfa»  orcunilanl  cvrRoU 

PaonrACTxc  Amucatioh*.*    Ai>plioii<nu  that  wa  iBftd«  (be  >  T«r  Ime  d<M-   AppBccdoci  at  |al- 

nuic  balut  lUtlu,  and  poaliicr*  an  protrai  ird. 
QVAUTTOV  *  CvMCXTi  ■>  diminguiilied  frcm  igtuuiiicy  sod  inModty,  tAxi  la  lt«  imowtui w  orhanb- 

■Mac,  w  U  Ihanpidity  M  ilowiraw  of  laicTTuptiAn. 

QVAMTITV 

BUKTHC  RvACTralr.    Iln  phmontcaa  davdopad  by  any  part  of  dta   body  uocln-  itia   mnuoioa  of 

tiecandry. 
Rucnow  (G*i.v*>nc).   ( S«  Eleccrie  RaaetiM.) 
RiMwnK.     AaEketrod*. 
RmrTAKCB.    TbaappwMorcoadiiclii'ilr.  Thai  pvapofty  of  faadieallialmAba*  Uwmrciblw  Oppoaa 

ttia  paua^  of  ilia  current 
Banna  Cumnr   (tMAKOidincCamDt). 
BmnnTi     AnlMimnieacfwoaaiNUiitcilicfluMiuilMuofftncuRciiL 
SUbomotob    (mc  Elecmraotn]. 
llwaTOl*  tf*«  rt^wii*,  toCTil).    Amrranl  hnakcr 
RiHcwTA-nt 
ItaTMtv  Miicntia.    Hicncto^Ieciric  machinob  in  w(ud>  dM  laducad  etceeidiy  M  ftatrHod  by  ti0*p 

■fseraMli. 
SKUHD^av  CVROjrT.    Th«  bndic  curKnt.  cklled  aUo  ibe  iul^rrm^ud,  iidmttd.  ind»etivt  ehrir*' 

mtagmt/tt.  /amdie,  etc. 
SBMmaiUTT,  Ri^CTBO-HvKOlAB.    TWpwwIiB)  lobjaciira  Mnmian  which  U  eirpvriaiecdbydwew 

MKtiaB  of  a  mutcla  mdct  th«  akclrie  cvrnnt. 
Smucs.    AiBddmnngkdiKharccolalcctririij,  auctiaa  b  (ina  fninia  Ltydnijar,  or  appanmi  Ibt 

•lallcal  ckgnicity. 
SrAMCi  BUiCmc    Hm  apark  thai  attsidi  iba  diacharss  of  daetridtycn  "A^  §*"'€'  ^  ■'•c  cnmM 

CnM  OB*  ceadacw  to  anothar. 
SnuAL-CoiRi  CViMnn- 
SriMAi^Coac  Uo«cu  Cvaanr 
SvtKAirCxmo  Naara  Citaiuci 
SrwAL-CovD  Ptxxv»  CuKuniT 
SriMMX^Bp  Soot  Crtaawr 
fraM*  CUrumt  {or  a(filiaidual. 


poaa 
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STMuconi  or  Tm  Qnanrr 

SvBUJtra  CimMDrr  (ms  bonnns  Obics0. 

]%MtlOH 

IVtamiutioh,    ThcproductkuofaieeaBkn*teln*Mr*ebrpaM)w«Brfnnk(MT«ntAi«icl)iL 
TMnuoKi^rTWOTV.    Tlwckctnciljr  tbu  itgeaamled  by  boilkgwa  >n<u uguwoia andnctPn  al 

dtdf  point  c^Jviicliod 
Tto-A)n>-K«o  CinuuD>T<>«c  I'jmdic  Onrvud. 

UaitroUd  CuuuwT.'    Acuncni  liulUk^UllMtUMiliaclhidimcdMkpflicMix. 
Uhikxjui  UmK>a  o*  ArrucAnooi.    Oii«polBiMdM|Mn  Aub«DWaAc«>d,Mul:bco*hcraB  fwi 

iBAVcRai  pei« :  ckDedtlMpakrMttbMt. 
UMDnooiDrrBDb    VoWoIk^  odmIimious  (Me  Coaliauom).    Apfilied  Mily   t»  tb*  tahaae  cannt. 

flnr»i»>.fcn^«-i..fc..j»faii»iinn.  jKy  ■V"f"''K~'1*'"fr 
Uxrr 

UKKNJkajXABUL    Ncn  Huccpiibk  of  booB  poUrind. 
Ve«.TA'EL<cT«ic  INDUCTION  <«•  loductioa). 
Vm/tmc  A).TK]it(*'rTnE&    Ch>ne«i  ia  tba  4ir«ciiaa  of  lb*  plwMt  < 
Vot-TAKl^tKOBDATraavCVoliB).     Atrioof  tkii»eM»»«Tt«med<fct  At  AcofoBB  eltwfili«ci 

VotTAK  CirnuirT  <VelM]  C***  C«hriftic  QinwO- 

ToLTAim  (icG GataoMn).    Aldi«i^llkDhDaara(giviavlhcaan«to«kctndlr  l>i  wfcil  I'J  i  lwi»li  J  > 

KliaabmiSpJeMTwdtMhtiirVtillis  and  Galvaoi^ttuI  hat,lo  awiliiia  ^cMB^Watn  aoootacO  ts 

bodi,  ir«tib«MiKC*lmuamwiifcicidtfi*Mini  hajpnoaailrvMondu  aHHdNKywtikk  ii*iB 

pmbiUjrrauo. 
Toi.TAiwnit>   An  ■pparatiM  far  nHni  dwtUvatlh  «f  dw  omnu  lijacHMiv  ibc  qn«iiuy«l  gM 

^vca  off  in  ■  ^na  tiiM  diirias  I)n  d«MPpa«iliM  flf  «•!« 
mrJAv  V  '^  '■*'■  *     Eltctndrn*  of  iW  Dsm  o(  Unmh. 


INDEX. 


AniiititviATin.iK  !n  Klectra-thenpcutich  ate 

Acute  'liKasc*,  65<-i,  6iS 

Adenidi,  71; 

AdHiifin'i^  tlKcanc,  637 

Ailju<>la1)le  electrode,  311 

AlUT-eflecti  of  cleclnul  treatmait,  194 

Aone,  m 

K'nacea,  510 
Aeuc,  637 

Afilini's  Tcieait:he%  in  Aninul  Electricity,  gi 
AlopniH,  S15 
Alci>ho1i>iii.  L-hronic,  6ji 
Anulipun.itum  of  line,  aj 
AinauiuikU,  5R6 
Amblyopia  386 
Amcnairh'ca,  s^o 

l'nif;iK4is  in,  534 

Cascn  of,  5J4 
Anpi^re't  iheary  uf  Maenetism,  51 
Auxilhc^ui,  44b 

Tactile  KenRibility  in,  446 

Faradn  ■entilnlily  in,  446 

tkctru-ilLaRnoiii.  44B 

Priigivitis.  449 

Trcaimcni,  448 

Caici  uf,  449 
Antc'thcHa.  aiuiicou*,  509 
AnKMheiia,  eler(r«,  110 
Aiuc*thf<>ia.  hy\ierical.  i50_ 
Analnmy,  el«tr>>-i>hyi>lolo;;icaI,  15J 
Analiimy.  elecim-ihereapeiitiau,  i8] 
AnelectroimHiit,  101 
AneleclroiiHii".,  theory  of,  103 
Angiiimila,  686 
Aneuriini,  716 
Aneuriifn,  tiatiitici  of,  treated  liy  ekctridty,  717 

Cam*  of,  71! 
An|;ina  pecliirii,  61S 
Aoi,  ptoupwiv  ijo 
AniniaJ  electriciiy,  87 

Hittury  CFi  it*  ditcorery,  90 

Aldini'i  reiearches,  gi 

Humlnldi'i  rcicarcheii,  90 

Du  Biiu-Reymnnd'*  reneaiche*,  91 

Nabili't  rcKarchen.  91 

MaiiciKci't  reicarchc*,  91 

Apparatu*  K>r  itudying.  94 
Anotmia.  64; 

l.'ane*  ot  646 
Appantiiii  for  electro-llierapeutici.  *9t 
Anioione,  Aso 
AphoDU,  ;7i 

Pf"LP>o«i«,  57  J 

Trealmenl  of,  573 

Caiet  oC  576 
Applkaiioni  of  electricity,  cue  in  detail*)  >4o 

Time  of  day  br,  141 

Time  ui;  143 


Appticalinni,  Frequency  ot  144 

frolongcd,  245 

Cunibiiiition  of  melhodi,  14S 
Armatures  magnetic,  6 
Anilicial  niagnels  3 
ArlhrilU  qihIuul.  488 
Artificial  reipiratioo,  6i3 
Atcites  644 
AspermaliMn,  $63 
Asphyxia,  bia 
AMlien^ipia,  5B4 
A>[htna,  4^ 
Ablraphntna,  415 
Ataxia,  faKVmniur,  474 
Atrophy,  ptu|[rt«Mve  muscular,  ^■fi 

Case*  of,  479 
Auditory  nerve,  galvaniiation  of,  iji 

Reaction  "t,  59a 

Normal  formula  <>(  iji 

Changes  nf  reaclina  in,  S91 

llypcneslhesia  of,  591 

Anzittmia  of,  593 

Bactbma,  anion  of  eicctiicily  00,  194 
Bath*,  electric,  19; 
Ilalh*.  ctectnxhemicat,  737 
Batteries,  salmnic,  10 

Woliattnn'i,  jfl 

Danieirs,  31 

throve'*,  33 

Itunsen't,  34 

lliermo-elcctnc,  fij 

Farmei'i  lliernio-clectrk^  64 

Cabinet,  309 

Kutopean,  316 

Becker- Muubcad,  31B 

Marine.  39 

Callan'*  imn-iinci  38 

<>as.  31 

Pnlarualinn  in,  jo 

I>iHibIe-ce1l  ronitant,  ]■ 

Hunsen'M  blchiomale.  35 

Walker'*  (inslc-cell,  3| 

Rmee't,  36 
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